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CLIMATE CHANGE: ARE GREENHOUSE GAS 
EMISSIONS FROM HUMAN ACTIVITIES CON- 
TRIBUTING TO THE WARMING OF THE 
PLANET? 


WEDNESDAY, MARCH 7, 2007 

House of Representatives, 

Subcommittee on Energy and Air Quality, 

Committee on Energy and Commerce, 

Washington, DC. 

The subcommittee met, pursuant to call, at 10:00 a.m., in room 
2322 of the Rayburn House Office Building, Hon. Rick Boucher 
(chairman) presiding. 

Members present: Representatives Butterfield, Melancon, Bar- 
row, Waxman, Markey, Inslee, Baldwin, Ross, Hooley, Dingell, 
Hastert, Upton, Whitfield, Shimkus, Buyer, Walden, Sullivan, Bur- 
gess and Barton. 

Staff present: Sue Sheridan, Laura Vaught, Bruce Harris, Lorie 
Schmidt, Chris Treanor, David McCarthy, Kurt Bilas, and Peter 
Kielty. 

OPENING STATEMENT OF HON. RICK BOUCHER, A REP- 
RESENTATIVE IN CONGRESS FROM THE COMMONWEALTH 

OF VIRGINIA 

Mr. Boucher. The subcommittee will come to order. 

Today we examine the scientific evidence regarding global tem- 
perature changes and their relationship to human activity. At a 
later date the subcommittee will examine scientific opinion on the 
effects of temperature changes on weather patterns, ocean levels 
and habitat. 

The scientists on our panel today are all noted experts in their 
field and we welcome them to the subcommittee this morning. 
Their presentations will address the questions of whether global 
temperatures are increasing and to what extent any changes in 
temperatures are a consequence of human activity rather than nat- 
ural climate variability and how future temperatures may be af- 
fected by current and future human activity. Over the past several 
decades, a vigorous debate has occurred over whether global tem- 
peratures are rising and whether any increases are being caused 
by human activity. The scientific opinion now appears to be solidi- 
fying with widespread agreement that temperatures are rising and 
that human activity is the principle cause. The recently released 
Intergovernmental Panel on Climate Change report reflects that 
consensus. It concludes with more than 90 percent certainty that 

( 1 ) 
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temperatures are rising and that human contrihutions are causing 
most of the observed increases. This conclusion stands in sharp 
contrast with the panel report of several years ago reaching the 
same conclusions but only with a certainty of 66 percent. 

Today’s witnesses will comment on the IPCC report and on rel- 
evant research findings and conclusions which can be drawn from 
those research findings. I appreciate the attendance this morning 
of our expert witnesses and I very much look forward to hearing 
from them. 

We have at about 11:00 this morning a joint meeting between the 
House of Representatives and the Senate for the purpose of hearing 
from a visiting head of state, and under the rules of the House, we 
will not be able to continue the subcommittee hearing during the 
pendency of that joint meeting between the House and the Senate 
and so Mr. Hastert and I have agreed that what we will do is, go 
as far as we can in this hearing, recess during the pendency of the 
joint hearing between the House and Senate and then come back 
to finish this hearing at such point as that joint meeting of the 
House and Senate has been concluded. 

With those comments, I am pleased now to recognize the ranking 
member of this subcommittee, the gentleman from Illinois, Mr. 
Hastert, for 5 minutes. 

OPENING STATEMENT OF HON. J. DENNIS HASTERT, A REP- 
RESENTATIVE IN CONGRESS FROM THE STATE OF ILLINOIS 

Mr. Hastert. Thank you. Chairman Boucher. 

This morning we begin the science of global warming. Today’s 
hearing is actually the beginning, in my view, of a thorough exam- 
ination we must perform before moving forward with legislation 
proposing far-reaching economic implications. In fact, Mr. Chair- 
man, I know you wanted to hold this hearing earlier in the process 
but you were forced to reschedule due to last month’s severe winter 
storms, an irony lost on few. We just couldn’t get the witnesses 
here. 

The question before us concerns the nature, extent and rate of 
global warming that has been observed and how human emissions 
of greenhouse gases figure into these observations. As we dig into 
the questions of man’s contribution to global warming, I believe it 
is essential that we develop a broader perspective on what we 
know about climate effects, both natural and manmade. 

Many climate scientists acknowledge the deep complexity and 
limits of human knowledge of the climate system. This contrasts 
with the overly simplistic reporting of global warming and the cli- 
mate change risks that we see in the mass media, whose treatment 
of the subject is often superficial and sensational. For policy- 
makers, that is a dangerous combination. 

Mr. Chairman, we must avoid falling prey to the sensational. We 
must not miss out on the important questions or the practical op- 
portunities that can help us address the challenges of global warm- 
ing in an economically prudent fashion. 

In 2001, the National Research Council released its reported en- 
titled “Climate Change Science and Analysis of Some Key Ques- 
tions.” The NRC made an important observation in their report, 
and here is a direct quote: “The most valuable contribution U.S. 
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scientists can make is to continually question basic assumptions 
and conclusions, promote clear and careful appraisal and presen- 
tation of the uncertainties about climate change as well as those 
areas in which science is leading robust conclusion.” 

We should heed the advice of our top scientists. We need to keep 
asking, are we focused on the right science questions, are we fo- 
cused on the right policy issues. For example, should we be con- 
cerned with just our own unilateral steps to reverse climate trends 
or should we address the effect of climate change more broadly as 
it relates to regions and local areas regardless of the temperature? 
How should we understand human influence in this broader con- 
text of the climate? 

I am hopeful the witnesses today can shed some light on these 
questions, that they can help us determine if we are looking at the 
issue properly. I am particularly interested in hearing whether we 
have a good handle on the relative contribution of greenhouse emis- 
sions to climate change compared with other human and natural 
resources. I would like to learn about the limits of our ability to 
attribute greenhouse gas emissions to global warming and what is 
needed to improve that ability. I would like to learn more about 
where the latest research is leading and how that might be chang- 
ing the assumptions scientists have had about the issue. 

Last month the United States Intergovernmental Panel on Cli- 
mate Change said, in effect, global warming is unequivocal; details 
to follow. I happen to believe, however, that saying global warming 
is unequivocal doesn’t end the discussion; it begins it. How exactly 
do man’s labors and industry connect to that warning? Is that con- 
nection the most relevant issue for us to address? Can we effec- 
tively change climate, address climate without forsaking our ability 
to deal with the other challenges of nature and human develop- 
ment that will confront us? We have to adapt to climate change no 
matter what is the cause, it is the way it has been forever, and en- 
ergy policy plays an important role in that ability to address it. En- 
ergy animates our economic vitality. It is that vitality that gives us 
the ability to meet the challenges that nature delivers upon us. 

Let me thank the distinguished scientists before us today who 
have taken time from their busy schedule to attend the hearing. I 
look forward to your insights in these matters and I thank you, Mr. 
Chairman. 

Mr. Boucher. Thank you very much, Mr. Hastert. 

The gentleman from Michigan, the chairman of the full commit- 
tee, Mr. Dingell, is recognized for 5 minutes. 

OPENING STATEMENT OF HON. JOHN D. DINGELL, A REP- 
RESENTATIVE IN CONGRESS FROM THE STATE OF MICHI- 
GAN 

Mr. Dingell. Mr. Chairman, thank you for your kindness and 
thank you for calling a very worthwhile series of hearings on cli- 
mate change. It will be most helpful as we go forward to the con- 
sideration of this legislation. 

Now, I would like to also thank our panel. Ladies and gentlemen, 
thank you for being here and thank you for your time and for your 
assistance to the committee. 
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Today we will examine the scientific question of whether green- 
house gas emissions from human activities are contributing and 
will continue to contribute to a warming of this planet. While many 
of us have had significant doubts about the question in the past, 
today it seems to us that science on the question has been settled. 

The extent of scientific consensus on this matter is well reflected 
by the recently published findings of the Intergovernmental Panel 
on Climate Change, IPCC, which was just released and entitled 
“Summary for Policymakers” for its fourth assessment report. The 
report was produced by some 600 authors from 40 countries, over 
620 expert reviewers and a large number of government reviewers 
also participated. Representatives from 113 governments, including 
the United States, reviewed and revised the summary line by line 
before adopting it and accepting the underlying report. 

The IPCC found that the warming of the climate system is un- 
equivocal and that most of the observed increase in globally aver- 
age temperatures since the mid-20th century is very likely due to 
the observed increase in anthropogenic greenhouse gas emissions. 
By “very likely” the IPCC means a nine in 10 chance. For the fu- 
ture, the IPCC found that changes in the global climate system in 
the 21st century would very likely be larger than those observed 
in the 20th century. Indeed, even the administration seems to be 
in agreement with this point. Right after the IPCC report was re- 
leased, Secretary of Energy Samuel Bodman was reported as say- 
ing, “We are very pleased with it. We are embracing it. We agree 
with it.” He went on to add that “human activity is contributing 
to the changes in our Earth’s climate and that issue is no longer 
up for debate.” 

Last month I had a fascinating discussion with some of the sci- 
entists responsible for the IPCC report. I asked detailed questions, 
some technical and some challenging. The answers I received were 
forthright. They explained that they had looked at changes in solar 
radiation, volcanic eruptions, urban heat islands and many other 
phenomena that are contributing to climate change. They explained 
that some of these factors are important for local temperature but 
that the only explanation for the large increase in global tempera- 
tures are the greenhouse gases which we are adding to the atmos- 
phere. The scientists explained that there are some areas where 
scientific uncertainty exists. On the central question of man’s con- 
tribution to the increase of global temperature due to greenhouse 
gas emissions, however, the issue is clear. 

It is important for the committee to probe renowned scientists to 
better understand what the science is telling us and how we are 
to answer the questions that are now before us. We need to find 
out where the science gives us clear answers and where the science 
gives us fuzzy answers. Today we are focusing on the threshold 
question of the extent to which greenhouse gas emissions from 
human activities are causing an increase in global temperature. At 
a future hearing we will explore the consequences of global warm- 
ing for the Earth’s systems. In other words, we will be asking why 
it matters that we are increasing global temperatures. 

In closing, Mr. Chairman, I hope that the members will use this 
opportunity to ask tough questions and to seek answers for any un- 
certainty they may have about the science of climate change. 
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I thank you again for the hearings, and I thank also again our 
panel for their assistance to us. 

I yield back the balance of my time. 

Mr. Boucher. Thank you, Mr. Dingell. 

Mr. Shimkus for 5 minutes. 

OPENING STATEMENT OF HON. JOHN SHIMKUS, A REP- 
RESENTATIVE IN CONGRESS FROM THE STATE OF ILLINOIS 

Mr. Shimkus. Thank you, Mr. Chairman, and at the risk of try- 
ing to be as funny as my friend Mr. Markey, who I had great dis- 
cussions with yesterday and then after the hearing, I was hesitant 
to say this, Ed, but we had hearings like this over many years and 
it was always in July, and if I heard Ed say it once, I heard him 
say it a hundred times: it is ironic that we are having a global 
warming hearing on the hottest day, in the hottest month, in the 
hottest year and the hottest century. It is snowing on March 7 and 
I would venture to say that it has been a pretty the cold Eebruary 
and March than what we have been used to in the last couple 
years. So for levity’s sake, I throw that out, Ed, and Ed and I are 
going to have a good fun time in the next couple years in this 
whole debate. 

I want to draw attention also to the Eebruary 5 Wall Street Jour- 
nal editorial and I think this sums up kind of where a lot of us are: 
“The IPCC report should be understood as one more contribution 
to the warming debate, not some definitive last word that justifies 
radical policy change. It can be hard to keep one’s head when ev- 
eryone else is predicting the apocalypse but that is all the more 
reason to keep cool and focused on actual science,” and that is why 
you are here today. We hope to ask and hear from you noted sci- 
entists. 

Most of us aren’t that knowledgeable in the science. We are lay- 
men who will try to move the country into good policy direction. 
There are always unintended consequences of legislative action 
which could be devastating and so we have to try to find balance. 
We want this to be a deliberative process. I think the committee 
is taking it in all the seriousness that is intended. We want to 
make sure we understand the reliability of knowledge and do our 
job in making sure we are gathering all the evidence from all the 
factors. This is our second hearing of this committee and we have 
many more to go. We appreciate your attendance. I look forward 
to hearing your testimony. 

Mr. Chairman, I yield back my time. 

Mr. Boucher. Thank you very much, Mr. Shimkus. 

Mr. Waxman from California for 3 minutes. 

Mr. Waxman. Thank you, Mr. Chairman. I am going to forego an 
opening statement in exchange for a lengthier time to question the 
witnesses. 

Mr. Boucher. Thank you, Mr. Waxman, and I would note that 
any member who desires to waive his opening statement will have 
3 minutes added to his questioning time for the panel of witnesses. 

The gentleman from Massachusetts, Mr. Markey, for 3 minutes. 

Mr. Markey. I pass. 

Mr. Boucher. Mr. Markey waives. 
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For 3 minutes, the gentleman from Washington, Mr. Inslee, is 
recognized. 

Mr. Inslee. I will pass. 

Mr. Boucher. Mr. Inslee passes. 

Mr. Barrow from Georgia. 

Mr. Barrow. I will pass. 

Mr. Boucher. Mr. Barrow also passes. 

The gentlewoman from Wisconsin, Ms. Baldwin, for 3 minutes. 

OPENING STATEMENT OF HON. TAMMY BALDWIN, A REP- 
RESENTATIVE IN CONGRESS FROM THE STATE OF WISCON- 
SIN 

Ms. Baldwin. Thank you, Mr. Chairman. 

I want to express my gratefulness for this opportunity in this 
hearing today because for years undue political considerations have 
really kept us from reaching this point. Naysayers ignored clear 
warnings that human activity was creating significant changes in 
regional and global climate. They dismissed calls for action, claim- 
ing that alarmists were simply trying to focus attention on every- 
thing green. But the tides have turned and those of us who long 
ago committed ourselves to focusing on global changes in climate 
now have the backing of the congressional leadership and the inter- 
national community in calling for action. 

The IPCC report is of vast importance. Not only does it confirm 
that climate change is real but it also confirms that human activi- 
ties are the main cause. This report is not the work of politicians 
nor the work of zealots. Rather, it is a consensus of the scientific 
community of representatives from more than 113 countries of 
nearly 600 authors. These are the experts who have been to the top 
of the mountains, the bottom of the oceans, across deserts and icy 
fields, crisscrossing our planet to analyze the Earth’s changing cli- 
mate. In reaching their conclusions, they have surveyed climate 
data, observed geographic conditions and evaluated severe weather 
trends. These scientists have clearly done their work uninfluenced 
by politics or personal agenda and now it is time for us to do ours. 

We must take the knowledge and the data that has been pre- 
sented to us and create sound policy that will result in a reduction 
of our greenhouse gas emissions. It won’t be easy. We have ques- 
tions to answer. For instance, what role will renewable energy play 
in our future and how can we begin to conserve energy now 
through efficient changes in the way we power our homes, operate 
our appliances or run our vehicles. While there are challenges 
ahead, our Nation, our businesses, our communities are in the best 
position to reshape our future. We understand the consequences of 
inaction and we are prepared to take steps necessary to preserve 
our planet for future generations. As stewards, protecting our envi- 
ronment has been our responsibility and now we are making it a 
priority. 

I look forward to hearing from our experts here today about how 
they reached their conclusions about their recommendations and 
for how we can reverse course and reduce our greenhouse gases, 
ensuring a healthy planet for generations to come. 

Thank you, Mr. Chairman, again. I yield back the balance of my 
time. 
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Mr. Boucher. Thank you, Ms. Baldwin. 

Mr. Buyer for 3 minutes. 

Mr. Buyer. I pass. 

Mr. Boucher. Mr. Buyer passes. 

Mr. Upton for 3 minutes. 

Mr. Upton. I pass. 

Mr. Boucher. Mr. Upton passes. 

Mr. Burgess for 3 minutes. 

OPENING STATEMENT OF HON. MICHAEL C. BURGESS, A 
REPRESENTATIVE IN CONGRESS FROM THE STATE OF TEXAS 

Mr. Burgess. Thank you, Mr. Chairman, and I too want to 
thank you for convening this hearing. I think these hearings have 
been extremely informative and this morning’s science hearing is 
essential to what we are doing here on the legislative process so 
I am glad we were able to reschedule this hearing, canceled last 
month due to an ice storm and put in jeopardy by a snowstorm but 
it is a timely hearing nevertheless. 

I am really kind of puzzled why this wasn’t actually our first 
hearing. Instead of starting from the beginning with the science, 
we started with the solutions, cap and trade proposals and carbon 
sequestration, but now that we have finally gotten around to it, 
this is critical for part of our discussion. 

If I could, I think have one slide to put up on the screen in the 
brief time allotted to me, and that is not it. Well, we will get this 
handed out. But according to EPA data, water vapor accounts for 
95 percent of greenhouse gases. There it is. 

[Slide shown.] 

Ocean biologic activity, volcanoes, decaying plants are an addi- 
tional 4.72 percent and the last small sliver is the human contribu- 
tion, less than one-third of 1 percent. But today we are going to 
focus like a laser beam on that less than one-third of 1 percent but 
I think it is important that we don’t forget the context in which we 
are working. The human additions to the greenhouse gas emissions 
come from multiple sources including livestock, land use changes, 
fire suppression systems, electricity plants and tailpipes. I believe 
that Dr. Avissar from Duke University will be focusing his testi- 
mony on this broader context. 

I realize that this is a topic that will be addressed in a future 
hearing by the subcommittee but I think it is important that as we 
begin to examine the causes of global climate change, we not forget 
the economic consequences of policy decisions made by this body as 
we look at this legislation. 

Regardless of the reason, whether you are a fan of global warm- 
ing, of peak oil or just feel it is a cause for a national security con- 
cern, removing some carbon from the economic equation is an idea 
that has merit, but at the same time, we must not sacrifice our 
economy as we make that transition, because after all, it is the 
health of our economy that will allow us to make that transition, 
and I think that is an important point to keep in mind but also I 
would just share this concern: Global warming and climate change 
are not interchangeable terms. They are not synonymous and we 
are going to hear more in this hearing about the differences from 
some of today’s witnesses, and I believe Dr. Christy is going to be 
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talking about as we discussed some in our oversight hearing last 
year. 

Thank you, Mr. Chairman, and I will yield back my remaining 
12 seconds. 

Mr. Boucher. Thank you very much, Mr. Burgess. 

Mr. Shadegg from Arizona is recognized for 3 minutes. 

Mr. Shadegg. Mr. Chairman, I will pass other than to commend 
you for holding this hearing. I think it is important that we look 
at the science, both the science as to the cause of whatever warm- 
ing is occurring and the science as to how we can deal with it, and 
I commend you. 

Mr. Boucher. Thank you very much, Mr. Shadegg. 

That concludes the time for opening statements. Statements for 
the record will be accepted at this time. 

[The prepared statement of Mr. Barton follows:] 

Prepared Statement of Hon. Joe Barton, a Representative in Congress from 

THE State of Texas 

Thank you, Chairman Boucher, for this initial hearing on the question of man’s 
contribution to global warming. 

I commend you and Chairman Dingell for putting together a series of hearings 
on global warming science and policy. Our committee’s tradition of open process has 
historically enabled us to take on the tough economic and public health issues de- 
spite our geographic, ideological, and political diversity. 

We are addressing global warming, but we’re not doing it in a vacuum. We’re also 
charged with make sure that people in America have the energy that powers our 
jobs and, through them, our people’s opportunity to succeed. If we do our jobs, peo- 
ple will keep their jobs. 

I hope today’s hearing and the ones that follow will help each of us reach rational 
conclusions, based on real evidence, about the reliability of our knowledge that CO^ 
has the sort of impact on planetary temperature as people say. 

It’s important to recognize that this is not about the weather on any given day. 
When we met to examine the dubious statistical validity of some global warming 
forecasts last summer, it was very hot. I think we picked one of the hottest days 
of the year. Today the weather is uncharacteristically cold. I’m sure some would pre- 
fer to wait until the weather matches the theory, but this is serious business and 
I hope we can each concede that any day’s weather has nothing to do with the issue. 

There has been significant scientific debate about this issue, including discussion 
before this committee. In last summer’s hearings, we asked about the historical tem- 
perature records and other climate observations. We asked whether the most politi- 
cally influential modeling conclusions were adequately supported by those observa- 
tions. 

I said then that I accept that the science on this matter is uneven, uncertain, and 
evolving. That certainly hasn’t changed, but now we seem to be pressuring our- 
selves, or someone is pressuring us, to legislate first and get the facts later. I hope 
we won’t do that. I want to make sure we get the best information available so we 
have a full and accurate definition of the problem before we start making decisions 
that will be among the toughest of our careers. 

The key question we face is how our decisions affect the lives of the people who 
send us here. They expect us to make decisions, and they do not expect us to make 
wrong ones. 

I will follow the guidance of my friend. Chairman Dingell: “First, do no harm.” 

We have to be clear about the issues before us. Discussion of capping CO^ often 
misses an essential fact. Carbon dioxide, unlike carbon monoxide and other com- 
pounds ending in “oxide,” is not toxic. It is not a pollutant. It is not only natural, 
it is indispensable for life on this planet. 

What we need to understand is: 

1. How does CO^ fit into the atmospheric mix? I’m told all CO^ is only 0.038 per- 
cent of atmospheric gases; 

2. How does the CO^ from fossil fuel combustion fit into the total annual CO^ in- 
crease in the atmosphere? I’m told it’s only 0.4 percent of this amount. 

3. How does U.S. fossil fuel consumption fit into mankind’s overall share of fossil 
energy use? I’m told it’s 22 percent and shrinking; That means if we shut down 100 
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percent of all fossil fuel use in the United States, we would only reduce CO^ growth 
in the atmosphere by 0.088 percent. That’s 0.0003 percent of the atmospheric gases, 
and China will be filling in the gap, and then some. 

4. How much will any legislation we consider actually change the total U.S. emis- 
sions and, in turn, change total human emissions and, in turn, effect global green- 
house gas concentrations? 

In that real world context, we must ask: what legislation, if any, can we enact 
this year that will plainly and significantly improve the health and lives of people 
around the world a hundred years from now? 

What will it cost? The people who will pay for our policy decisions are taxpayers 
and consumers and workers. What amount is the right amount to take from them 
and their families for our policies? 

We also have to weigh what the opportunity cost might be in terms of other global 
problems we neglect because of our huge economic and political investment in this 
issue. 

And we need to understand whether well-meaning steps to cap CO^ here and now 
will simply drive industry offshore where control of actual pollution such as SOx, 
NOx, mercury, and particulate is far more leix. 

whether we like it or not, CO^ correlates to national economic activity. That 
means jobs, and the ability of working families to thrive is defined by jobs. Despite 
impressive gains in energy intensity over the past few years, a basic reality is that 
with the technology mix deployed today, to cap CO^ emissions restrains economic 
output, jeopardizes economic growth, and eliminates people’s jobs. 

Now there are three camps in the political discussion about capping CO^. One 
camp doesn’t care. Its members are either indifferent or hostile to economic growth. 
Some of them see the de-industrialization of the U.S. and they welcome it. 

The opposite camp strongly favors economic growth and opportunity for America, 
as well as for people around the world, and worries that this Congress could put 
domestic growth and opportunity at risk. 

The middle camp, however, is the most troubling. They’re the ones who want so 
badly to believe we can easily and inexpensively innovate our way out of the linkage 
between CO^ and economic vitality that they are willing to say, “Cap now, details 
to follow.” 

That’s why we must study the science, the policy proposals, the costs, and the 
benefits, and assess them all carefully. That is the path you. Chairman Boucher and 
Chairman Dingell, have outlined for us. 

I welcome our witnesses. Your views are critical for us to understand what the 
state of science is. Please be clear with us, and don’t hesitate to separate the cer- 
tainties from the uncertainties. 

Thank you, Mr. Chairman. 


Mr. BoucHER.We are now pleased to welcome our panel of wit- 
nesses. I will say a brief word of introduction about each of them. 

Dr. James Hurrell joins us from the National Center for Atmos- 
pheric Research in Boulder, CO, where he is a senior scientist and 
the director of the Climate and Global Dynamics Division. He was 
a contributing author to both the third and fourth assessment re- 
ports of the Intergovernmental Panel on Climate Change. He was 
a lead author on the U.S. climate change science program’s syn- 
thesis and assessment product on temperature changes in the 
lower atmosphere and he is currently serving on a National Re- 
search Council committee that is tasked to provide strategic advice. 

Dr. Gabriele Hegerl joins us from Duke University where she is 
a research professor at the Nicholas School of the Environmental 
and Earth Sciences. She was a lead author in the IPCC’s third as- 
sessment report. For the fourth assessment report, she was a co- 
ordinating lead author for the chapter that focuses on determining 
the causes of observed climate changes. 

Dr. Michael Oppenheimer joins us from Princeton University 
where he is the Albert G. Milbank professor of geosciences and 
international affairs. He is affiliated with the Department of Geo- 
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sciences, the Woodrow Wilson School of Public and International 
Affairs and the Princeton Environmental Institute. He was a lead 
or contributing author to various chapters of the IPCC’s third as- 
sessment report and is a lead and contributing author to the fourth 
assessment report. 

Dr. Roni Avissar also joins us from Duke University where he is 
the W.H. Gardner professor and chair of the Department of Civil 
and Environmental Engineering. His research is focused on devel- 
opment and evaluation of various environmental fluid dynamics 
models to study ocean, land, atmospheric interactions at the var- 
ious spatial and temporal scales. 

Dr. John Christy joins us from the University of Alabama in 
Huntsville where he is a professor and director of the Earth Sys- 
tems Science Center. He is also Alabama’s State climatologist. He 
was a lead author of the IPCC’s third assessment report and is a 
contributor to the fourth assessment report. 

We welcome each of our witnesses. Your prepared written state- 
ments will be made a part of the record and we would be pleased 
to receive your oral summaries of approximately 5 minutes. 

Dr. Hurrell, we will be pleased to begin with you. 

STATEMENT OF JAMES W. HURRELL, DIRECTOR, CLIMATE 

AND GLOBAL DYNAMICS DIVISION, NATIONAL CENTER FOR 

ATMOSPHERIC RESEARCH 

Mr. Hurrell. Mr. Chairman, I thank you. Ranking Member 
Hastert and the other members of the subcommittee for the oppor- 
tunity to speak with you today on observed and likely future 
changes in climate and the contribution from human activity to 
those changes. 

Although uncertainties continue to exist, significant advances in 
the scientific understanding of climate change now make it clear, 
as recently stated by the IPCC, that the warming of the climate 
system is unequivocal and that this warming goes beyond the 
range of natural variability. 

The globe is warming dramatically compared with natural histor- 
ical rates of change. Global surface temperatures today are more 
than 1.4 degrees Fahrenheit warmer than at the beginning of the 
20th century and rates of temperature rise are greatest in recent 
decades. Eleven of the last 12 years rank among the 12 warmest 
since 1850 and four of the warmest 5 years on record have occurred 
since 2001. This past year, 2006, was the warmest on record over 
the United States. There is a very high degree of confidence in 
these numbers. Urban heat island effects, for instance, are real but 
very local and they have been accounted for in the analyses. There 
is no urban heat island effect over the oceans where the warming 
has been very pronounced at both the surface and at depth. More- 
over the ocean warming causes seawater to expand and thus con- 
tributes to global sea level rise of more than 1.3 inches since 1993 
and 6.7 inches over the last century. 

A key point is that an increasing number of many independent 
observations give a consistent picture of a warming world. There 
has been a widespread reduction in frost. There have been more 
warm extremes and decreases are occurring in snow cover, Arctic 
sea ice extent and thickness, and mountain glacier mass and ex- 
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tent. Increases in atmospheric water vapor content and resulting 
heavier precipitation events, increased drought and increasing at- 
mospheric temperatures above the surface are other signals of a 
warming world. 

Today’s best climate models are now able to reproduce these 
major climate changes of the past century. Climate models are not 
perfect and some models are better than others. Uncertainties arise 
from shortcomings in our understanding of climate processes and 
how best to represent them. Other forcings need to be more fully 
considered such as historical and likely future changes in land use. 
Yet in spite of these uncertainties, giving good replication to the 
past, climate models are extremely useful tools for understanding 
and determining the changes in forcing that are driving the ob- 
served warming. 

Forcings imposed on the climate system can be natural in origin 
such as changes in solar luminosity or volcanic eruptions or 
human-induced such as the buildup of greenhouse gas concentra- 
tions in the atmosphere. These concentrations have increased 
markedly as the result of human activities and they are now higher 
than at any time in at least the last 650,000 years. 

Climate model simulations that account for such changes in cli- 
mate forcings have now shown that surface warming of recent dec- 
ades is mainly a response to the increased concentrations of green- 
house gases and sulfate aerosols in the atmosphere. When the mod- 
els are run without these forcing changes, the remaining natural 
forcings and intrinsic natural variability fail to capture the almost 
linear increase in global surface temperature over the past 25 
years. 

Moreover, observed increases in continental and ocean basin 
scale temperatures as well as observed changes in precipitation 
and other measures such as climate extremes are only stimulated 
by models that include anthropogenic forcings. These simulations 
have therefore convincingly shown that climate is changing in ways 
that cannot be accounted for by natural variability or by changes 
in natural forcings such as changes in the sun. Moreover this attri- 
bution of the recent climate change has direct implications for the 
future. Because of the very long lifetime of carbon dioxide in the 
atmosphere and the slow equilibration of the oceans, there is a sub- 
stantial future commitment to further global climate change even 
if concentrations of greenhouse gases in the atmosphere remain at 
current levels. 

In summary, the scientific understanding of climate change is 
now sufficiently clear to show that climate change from global 
warming is already upon us. Uncertainties do remain, especially 
regarding how climate will change at regional and local scales, but 
the climate is changing and the rate of change as projected exceeds 
anything seen in nature in the past 10,000 years. 

Thank you again for this opportunity to address the committee, 
and I look forward to answering your questions. 

[The prepared statement of Mr. Hurrell appears at the conclu- 
sion of the hearing.] 

Mr. Boucher. Thank you. Dr. Hurrell. 

Dr. Oppenheimer. 
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STATEMENT OF MICHAEL OPPENHEIMER, PROFESSOR, GEO- 
SCIENCES AND INTERNATIONAL AFFAIRS, PRINCETON UNI- 
VERSITY 

Mr. Oppenheimer. Thank you, Mr. Chairman, and I would like 
to thank the other members of this committee for this opportunity 
to testify. 

In addition to responding to the questions posed by the commit- 
tee, my testimony addresses the subject of ice sheets and sea level 
rise which received considerable attention in the wake of the publi- 
cation of the IPCC report. Finally, I will report some recent find- 
ings from the peer-reviewed literature on the question of the time 
remaining to avoid levels of climate change that some research has 
characterized as dangerous. 

I want to emphasize that I am testifying in my capacity as an 
individual scientist and not a representative of IPCC or for that 
matter Princeton University. The conclusions drawn here are my 
own. 

On the first question, are global temperatures increasing, IPCC’s 
answer is unequivocal and I agree, global temperatures are cer- 
tainly increasing. Furthermore, the warming and the associated 
sea level rise have accelerated and a pervasive global climate 
change is underway. 

On the second question, to what extent is the increase attribute 
to greenhouse gas emissions from human activity, here again I 
fully support IPCC’s conclusion that it is very likely that most of 
the recent climate change is attributable to human activities, par- 
ticularly the emissions of greenhouse gases and aerosol particles. 
Natural climate variability and changes in the sun and volcanic 
emissions have played a much lesser role. 

On the third question, how do we expect future global tempera- 
tures to be affected by greenhouse gas emissions, during this cen- 
tury global mean temperatures are likely to increase by amounts 
that are larger and occur faster on a sustained basis than any in 
the history of civilization and reach levels perhaps not seen in tens 
of millions of years when ice sheets were much reduced and sea 
level was much higher than today. The temperature change would 
be largest on land and at high latitudes which includes large parts 
of the United States. The climate change is expected to broadly af- 
fect key aspects of the climate system and simply put, would re- 
make the face of the Earth. 

I am particularly concerned about the fate of the great ice sheets 
in Greenland and Antarctica. Because our ability to apply modern 
numerical computer modeling techniques to ice is much weaker 
than our ability to model the atmosphere, we must rely on other 
information, particularly from climates of the past. IPCC notes that 
sea level was likely 13 to 20 feet higher about 125,000 years ago 
the last time Earth was about as warm as today, actually a little 
bit warmer, mainly due to the retreat of polar ice when polar tem- 
peratures were 5 to 9 degrees Fahrenheit higher than at the 
present. Additional global warming of only about 3 to 4 degrees 
Fahrenheit may bring a return of such polar warmth. Accordingly, 
and here I go beyond the remit of Working Group I of IPCC into 
the general peer-reviewed literature, I conclude that a warming of 
no more than 3 to 4 degrees Fahrenheit above present global mean 
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temperatures may represent a plausible objective for avoiding dan- 
gerous climate changes. 

What does such a limit imply for actions to reduce emissions? 
The answer is that the chances of avoiding such a warming appear 
to be less than 50/50 if atmospheric concentrations of carbon diox- 
ide are permitted to exceed 450 parts per million, noting that we 
are currently around 380 parts per million. Unless the growth in 
global emissions is reduced soon, first through reductions in emis- 
sions in developed countries like the United States, coordinated 
with or followed closely by measures in developing countries, global 
temperature is likely to eventually climb beyond the 3- to 4-degree 
Fahrenheit limit. Then the ice sheets may gradually shrink, caus- 
ing sea level to rise 13 to 20 feet, possibly over a period as brief 
as several centuries but possibly over a millennium or more, and 
if the warming were allowed to continue, that would be only the 
beginning of a processes that may eventually lead to total loss of 
both the Greenland and the West Antarctic section of the Antarctic 
ice sheets and a much larger sea level rise. 

Only prompt and sizable reductions in global emissions, hope- 
fully carried out with the leadership of the United States and in 
collaboration with other large emitting countries such as the EU, 
Japan, China and India would avoid such an eventuality. I point 
to the 5-, 10- and 15-year mandatory emissions reduction targets 
embodied in the proposal from USCAP as plausible initial steps to 
meet this challenge. 

It is apparent to me and I hope to everyone else that the U.S. 
and all other countries ought to prepare to deal with a warmer 
world in any event. It is even more important to note that the win- 
dow of opportunity to avoid potentially dangerous climate outcomes 
may be closing fast. 

Thank you. 

[The prepared statement of Mr. Oppenheimer appears at the con- 
clusion of the hearing.] 

Mr. Boucher. Thank you. Dr. Oppenheimer. 

Dr. Hegerl. 

STATEMENT OF GABRIELE HEGERL, ASSOCIATE RESEARCH 

PROFESSOR, EARTH AND OCEAN SCIENCES DIVISION, DUKE 

UNIVERSITY 

Ms. Hegerl. Thank you, Mr. Chairman, and thank you, mem- 
bers of the committee, for giving me the opportunity to testify 
today about global warming. 

To address your questions, I would like to draw your attention 
to some slides. May I see the first slide, please? 

[Slide shown.] 

This slide shows you that evidence for warming in the climate 
system is widespread. The top left panel shows you the observed 
warming over the 20th century from the surface temperature 
record, the top right panel, the observed warming from atmospheric 
temperatures and the bottom shows you warming from the ocean 
temperature measurements. This widespread nature of the warm- 
ing and the way it is consistent between different components of 
the climate system led us to the conclusion that warming of the cli- 
mate system is unequivocal. Furthermore, the pattern of warming 
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being quite uniform, the warming in each individual component of 
the climate system being much larger than we expect due to natu- 
ral climate variability such as El Nino led us to the conclusion that 
it is extremely unlikely that such a warming in all major compo- 
nents of the climate systems would occur without external forcing, 
and we also concluded that it is very unlikely due to natural causes 
alone. 

Can I see the second slide, please? 

[Slide shown.] 

Climate models incorporate our best understanding of how the 
climate system works and driven with observed changes in radi- 
ative force such as changes in greenhouse gases, aerosols, volcanic 
and solar forcing reproduce the 20th century temperature record 
quite well. What you see at the top right panel model simulations 
from a large number of modeling centers and from a large number 
of models, some of them including smaller forcings like land use 
change, differing in details of forcing and model physics. The ob- 
served warming shown in black lies quite well within the model 
framework. You can also see that the climate models respond simi- 
larly the observations to individual events like volcanic eruptions 
shown by the gray bars — you can see the records go down a little 
bit in response to that — and at the bottom panel you see that if 
driven with natural forcings only such as solar and volcanic forc- 
ing, climate models can not reproduce the 20th century warming. 

To conclude, however, what caused the 20th century warming, 
we resort to quite different methods. We do not resort to modeling 
alone but we try to estimate the effect of the different external in- 
fluences such as greenhouse gases from the observed change so we 
look for fingerprints of warming as we expect due to increases in 
greenhouse gases or other forcings based on these sophisticated 
studies which focus on the observations allow for the possibility 
that the response to a forcing could be larger or smaller than an- 
ticipated in models, that it could be somewhat different in pattern 
and it could be not present at all. Carefully investigating alter- 
native physical explanations for the observed warming, we came to 
the conclusion that it is very likely that most of the observed 
warming was caused by the greenhouse gas increase. This conserv- 
atively accounts for the remaining uncertainty of which we are 
quite aware. 

Can I see briefly the next slide, please? 

[Slide shown.] 

We can also draw this type of analysis now based on space and 
time patterns of warming on individual continents, concluding for 
example that North America is quite outside the range of where we 
would be due to natural variability alone at this point in time. 

Can we move one slide on, please? 

[Slide shown.] 

The last slide shows you the predicted future warming in the 
context of the 20th century simulated warming based on observed 
records of warming from the 20th century from cooling in the last 
glacial maximum. From various studies we can conclude that the 
sensitivity of the system to external forcing is not small. Climate 
responds substantially to changes in radiative forcings such as 
changes in greenhouse gases. Based on this, we concluded that it 
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is very unlikely that climate sensitivity is less than one and a half, 
pretty much ruling out various model responses of the climate sys- 
tem in the future and future warming depends on the emissions 
scenarios we take on and ranks from one and a half to nine times 
the observed warming over the 20th century. 

[The prepared statement of Ms. Hegerl appears at the conclusion 
of the hearing.] 

Mr. Boucher. Thank you, Dr. Hegerl. 

Dr. Avissar. 

STATEMENT OF RONI AVISSAR, PROFESSOR AND CHAIR, DE- 
PARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING, 

DUKE UNIVERSITY 

Mr. Avissar. Thank you, Mr. Chairman and members of the 
committee. 

May I have the slides, please? The next one. 

[Slide shown.] 

The point that I would like to make here as an introduction first 
of all is that I am not disputing the results or most of the results 
of IPCC and of my colleagues. In other words, the climate seems 
to be indicating an increase of the temperature over the past years 
and IPCC has very eloquently reported on all the studies that dem- 
onstrate that. The questions that have been asked in front of us, 
are global temperatures increasing, I would answer based on the 
report of IPCC, yes. 

The second question, if global temperature increasing, to what 
extent is the increase attributed to greenhouse gases emission from 
human activity is where I start having slightly different opinion 
and so the question, how do we expect the future global tempera- 
ture to be affected by greenhouse gases. I believe that in spite of 
the fact that the models are an essential tool to be able to evaluate 
the climate and are probably the only good tool that we can have 
to speculate about what is going to happen in the future climate, 
there are still a lot of uncertainties in these models, and because 
of those uncertainties and the way that they are built, we have dif- 
ficulty to estimate exactly what is the proportion of the greenhouse 
gas contribution to the overall climate versus many other activities 
that are taking place from the human activity. 

On this report of IPCC, I guess that the lower bar that indicates 
the overall contribution of the human activity indicates an overall 
contribution with a lot of uncertainty and then the proportion of 
the different components is where maybe we need to look at a little 
bit more carefully. In order to do that, I am going to use just a sim- 
ple representation of land cover change and demonstrate to you 
how in fact the models that we are using to make these assess- 
ments can be mistaken. If I can have the next slide, please? 

[Slide shown.] 

What you see here is a scenario of deforestation of the Amazon 
basin, in part due to the intention of investing much more in 
biofuels as a replacement maybe to traditional oil, and this is a sce- 
nario that was produced based on socioeconomic development for 
2050, so about 50 years down the road. And you can see here that 
most of the basin is going to be deforested to be replaced with agri- 
culture areas and other areas. Next slide, please. 
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[Slide shown.] 

The study that we have conducted with models that are better 
designed to look into those particular processes, higher resolution 
models, indicates present results that are slightly different than 
what the global climate models are providing, and what you see 
here is a sequence of precipitation for the past 30 years — that is 
the upper graph — that shows that over the past 4 years we had as 
sequence of high precipitation and then in 1998 a very low precipi- 
tation in the Amazon basin, that is showing an El Nino year, and 
then 2 years that were somewhat close to the average precipitation. 

When we use this sequence of precipitation and we feed with the 
meteorology that has been observed over the area, those mesoscale 
models, and we combine that with the land cover change, we see 
the sheet of precipitation that you have on the lower left figure. In 
other words, what you notice there is that there are areas that re- 
ceive much less precipitation and in fact the areas that are mostly 
deforested receive much more precipitation than what was origi- 
nally obtained. 

When you combine all those results and you look at the impact 
that that has with the global climate models that are currently 
used versus the original models, you can notice especially, you look 
the lower right curve, you can notice that in fact the global climate 
models just for that particular phenomena indicates a difference of 
precipitation that is twice more severe than what you would get 
with a model that is better capable of representing the clouds and 
radiation system. Next picture, please. 

[Slide shown.] 

All right. The point that we were asked to answer is what do we 
think is the next direction for research. I guess that I would like 
to advocate here for better models, and in particular, models that 
are capable of representing much better the cloud radiation feed- 
back, the models that are capable of representing the biosphere 
and the hydrosphere a little better and models that can account for 
process that are extremely significant on the climate system like 
aerosols, fires and all kinds of other processes that are significant. 

So I think that the scientific community is going that direction. 
I think that we may get some surprises from these models when 
we can combine all the human activities that we have. 

Thank you. 

[The prepared statement of Mr. Avissar appears at the conclu- 
sion of the hearing.] 

Mr. Boucher. Thank you. Dr. Avissar. 

Dr. Christy. 

Mr. Barton. Mr. Chairman, we have bits and pieces of what the 
witness just showed us but we don’t have it in the coherent form. 
Could we get him to give that to us? 

Mr. Boucher. Dr. Avissar, would it be possible for you to repro- 
duce your slides as prints and provide those to the committee. 

Mr. Avissar. Sure. 

Mr. Boucher. Thank you, Mr. Chairman, and we will share 
them with you. 

Dr. Christy. 
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STATEMENT OF JOHN R. CHRISTY, PROFESSOR AND DIREC- 
TOR, EARTH SYSTEM SCIENCE CENTER, NSSTC, UNIVERSITY 

OF ALABAMA IN HUNTSVILLE 

Mr. Christy. Chairman Boucher, Ranking Member Hastert and 
committee members, I am John Christy, director of the Earth Sys- 
tems Science Center at the University of Alabama in Huntsville. 

I lead a group which builds climate data sets from scratch with 
interesting results. For example, in constructing surface tempera- 
tures in California’s Central Valley, we found a dramatic rise in 
nighttime temperatures that did not occur nearby in the Sierras. 
This points to a human fingerprint on climate change likely being 
the massive conversion of dry land to irrigated agriculture and ur- 
banization but not greenhouse gases. In these and other data sets, 
we find inconsistencies between observations and the output of cli- 
mate models which tried to tell us the climate effect of greenhouse 
gases. 

Now, I go into detail in my written remarks to answer your ques- 
tions on temperature changes. Yes, the surface temperature is ris- 
ing, an unknown portion of which I believe is due to extra green- 
house gases, and the current rate of about 0.15 degrees Celsius per 
decade is a sensible projection. 

Now, the implication of these questions, however, leads me to 
discuss both climate and energy use. In 1900, the global energy 
technology supported 56 billion human life-years and that is 35- 
year life expectancy times 1.6 billion people. It is an index. Today 
energy technology supports 426 billion human life-years, an eight- 
fold increase, and some of these human life-years are mine. I have 
been allowed to become a grandparent, a situation that is now the 
rule, not the exception. An eightfold increase in the global experi- 
ence of human life, that is a spectacular achievement delivered by 
affordable energy. It disturbs me when I hear that energy and its 
byproduct, CO^, are being demonized when in fact they represent 
our greatest achievement. Where there is no energy, life is brutal 
and short. When you think about the extra CO^ in the air, think 
also about the eightfold increase in human life. 

While preparing this testimony, I was reminded of my mission- 
ary experience in Africa. African women collect firewood each day 
and carry it home for heating and cooking. This inefficient and 
toxic source of energy kills about 1.6 million women and children 
a year. When an African woman carrying 50 pounds of firewood 
risks her life by jumping out in front of my van in an attempt to 
stop me to give her a lift, I see the value of energy. You see, what 
I had in my school van in terms of the amount of gasoline I could 
held in my cupped hands could move her and her firewood 2 or 3 
miles down the road to her home. I understood the astounding ben- 
efit energy represents and to what extent she and her people would 
go to acquire it. Energy demand will grow because it makes life 
less brutal and less short. 

The continuing struggle of the European Union and other coun- 
tries to achieve their self-imposed Kyoto targets, indeed falling be- 
hind the U.S. in slowing emissions growth, implies a lot of things 
but two that stand out to me are, one, underestimating people’s de- 
mand for energy, and two, overlooking the well-known tendency for 
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countries and industries to game the system for their own benefits 
without really producing any real emission reduction. 

This body is being encouraged to “do something” about global 
warming and the dilemma begins with this: energy demand will 
grow because its benefits are ubiquitous and innumerable. The di- 
lemma then is, how can emissions be reduced in a way that doesn’t 
raise energy costs, especially for the many poor people in my State 
and the world. 

There are several new initiatives on energy reductions being pro- 
posed as a benchmark. Those which are in the ballpark of the 
Kyoto-like reductions will produce a small impact on emissions and 
thus a very, very small impact on whatever the climate does. I 
have written a number of papers about the precision of our climate 
records. The impact of Kyoto-style reductions will be too small for 
we scientists to measure due to the natural variations of climate 
and the lack of precision in our observing system. In other words, 
we will not be able to tell lawmakers with any confidence that spe- 
cific regulations achieve anything in terms of “climate control” in 
this country or the world. And when you think about it, the climate 
system is so complicated, we really can’t tweak it for a predictable 
outcome. 

So let me close with this observation from my scientific research 
and life experience. Helping people develop economically is the fast- 
est route I see to giving them the tools they need to adapt to what- 
ever the climate does including that portion of change that may be 
due to human influences. 

Thank you. 

[The prepared statement of Mr. Christy appears at the conclu- 
sion of the hearing.] 

Mr. Boucher. Thank you very much. Dr. Christy, and thank you 
to each of the members of our panel for providing information to 
us this morning. We have approximately 5 minutes before we must 
recess the committee for the joint session on the floor. I will take 
that opportunity to ask my set of questions to this panel. 

Mr. Barton. Mr. Chairman, a parliamentary inquiry? 

Mr. Boucher. Sure. 

Mr. Barton. What would it take to continue this hearing while 
the joint session is underway? Would a unanimous consent request 
allow us to continue, or is it impossible? 

Mr. Boucher. Mr. Barton, we examined that and I share your 
desire to continue this hearing. Unfortunately, it is a rule of the 
House and it is not waivable by our unanimous consent request. 

Mr. Barton. So there is no way? 

Mr. Boucher. I am afraid there is no way. 

Mr. Barton. Thank you, Mr. Chairman. 

Mr. Boucher. But thank you for asking. 

I would like to get a better sense of where our expert witnesses 
agree and so let me ask each of you if you would to respond to this 
group of questions, and for purposes of brevity, a simple yes or a 
no would be desirable by way of response. 

First question: In the executive summary that was released in 
February, the IPCC found that — and I quote from the report — 
“Most of the observed increase in global averaged temperatures 
since the mid-20th century is very likely due to the observed in- 
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crease in anthropogenic greenhouse gas concentrations,” in other 
words, those concentrations that came from human activity. 

Do you agree or disagree with that conclusion. Dr. Hurrell? 

Mr. Hurrell. Yes, I do agree with that conclusion. 

Mr. Boucher. Dr. Oppenheimer? 

Mr. Oppenheimer. I agree. 

Mr. Boucher. Dr. Hegerl? 

Mr. Hegerl. I agree. My chapter proposed that conclusion. 

Mr. Boucher. Dr. Avissar? 

Mr. Avissar. I cannot answer by yes or no. I would say that I 
tend to agree, but I am not convinced. 

Mr. Boucher. OK. So you lean in favor of that finding? 

Mr. Avissar. I am sure that there is a contribution from the 
greenhouse gases. I have no doubt about that. 

Mr. Boucher. That is good. Thank you, sir. 

Dr. Christy? 

Mr. Christy. A similar answer, the contribution from greenhouse 
gases, but I don’t know how much. 

Mr. Boucher. All right. I would note that the IPCC defines “very 
likely,” which is the language used here, as a 9 in 10 chance that 
the finding is accurate. 

Question No. 2: The IPCC also found that — and again I quote 
from the report — “Continued greenhouse gas emissions at or above 
current rates would cause further warming and induce many 
changes in the global climate system during the 21st century that 
would very likely be larger than those that were observed during 
the 20th century.” Do you agree or disagree. Dr. Hurrell? 

Mr. Hurrell. Yes, I do agree with that. 

Mr. Boucher. Dr. Oppenheimer? 

Mr. Oppenheimer. I agree. 

Mr. Boucher. Dr. Hegerl? 

Mr. Hegerl. I agree. 

Mr. Boucher. Dr. Avissar? 

Mr. Avissar. Not enough information to answer. 

Mr. Boucher. All right. 

Dr. Christy? 

Mr. Christy. I think since we are starting at a warm spot that 
the changes will continue. 

Mr. Boucher. All right. Thank you. 

Now, one additional question that I will ask and I will ask for 
a little bit of comment from you on this one. Dr. Avissar has testi- 
fied that regional climate models could be improved by incorporat- 
ing the effects of land use in the area for which that regional mod- 
eling is being performed. Assuming that you agree with Dr. 
Avissar, do uncertainties about land use effects or other regional 
uncertainties diminish either our understanding of how greenhouse 
gases affect global warming or the justification for reducing green- 
house gases? And I would ask you not only do you agree but why 
or why not. 

Dr. Hurrell? 

Mr. Hurrell. Thank you. Yes, I do agree with Dr. Avissar’s tes- 
timony on this point. As several of us have pointed out, global cli- 
mate models are very valuable tools. They are not perfect and they 
can certainly benefit, as I pointed out explicitly, from further and 
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more complete considerations of, for instance, land surface change 
and land surface forcing. Regional models are one avenue to begin 
to include those processes more completely and the field is moving 
in that direction. With respect to your bottom-line statement, Mr. 
Boucher, I believe that the global climate models indeed given their 
very impressive simulations of the observed hemispheric scale and 
larger-scale temperatures, that is evidence that many of the key 
processes are indeed correct in the large-scale models and therefore 
I believe that the evidence is very convincing that the range of 
changes that we have seen goes beyond the range of natural varia- 
bility and can be attributed to anthropogenic influence on large- 
scale climate but certainly regional processes do need to be in- 
cluded better. As we begin to try to make comments on regional 
and local scale changes, the role of natural variability becomes 
larger and there are uncertainties in our understanding at that 
level. 

Mr. Boucher. Thank you very much. 

Dr. Oppenheimer? 

Mr. Oppenheimer. I would generally agree with Dr. Avissar and 
I would add, by the way, that we need to improve our ability to 
model the ice sheets and that is a critical component to under- 
standing sea level rise. I have substantial amount of confidence in 
the statements about the importance of the ^eenhouse gases, the 
projection of future climate and the attribution of recent climate 
changes, not only because of the global models and their ability to 
reproduce past climate changes of^ say, the last 150 years but also 
because of the wealth of paleoclimate data, that is, data on climate 
history, which basically supports general conclusions from the at- 
mosphere, ocean general circulation models. 

Mr. Boucher. Thank you, sir. 

Dr. Hegerl? 

Mr. Hegerl. I agree with Dr. Avissar’s testimony that it is very 
important for regional predictions, for reliable regional predictions 
to think about land-use change and incorporated also for reliable 
predictions of rainfall changes. I do not think that these changes 
have a big impact on large-scale temperature predictions nor do 
they affect our assessment of what caused the 20th century warm- 
ing. 

Mr. Boucher. Thank you. 

And Dr. Avissar, let me just modify the question for your pur- 
poses. I think we are all acknowledging, your colleagues are, that 
there are uncertainties about the accuracy of regional models based 
upon particular land uses in the area which are not properly incor- 
porated into those models but the real question is, does that uncer- 
tainty affect our understanding of climate change on a global basis, 
and should that uncertainty about the regional modeling in any 
way affect our decision-making about whether it is proper to go for- 
ward or not with any kind of control measures? 

Mr. Avissar. And I appreciate that. The point that I want to 
raise here is that I am using the land cover, the original scale, just 
as an example to illustrate what is happening. The truth is that 
the complexity of the climate system and it is a chaotic system and 
we do not know exactly how it is going to evolve. We use that with 
models that are idealized. There are a lot of problems in those mod- 
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els. The type of interactions that we are talking about that have 
to do with the land cover but with many other processes and it is 
probably one of the most severe ones. 

Mr. Boucher. Thank you, Dr. Avissar. I am afraid time will not 
permit any further explanation but we understand your response. 

Dr. Christy? 

Mr. Christy. We have rebuilt data sets in three parts of the 
world very carefully. Climate models don’t come close to what ac- 
tual observations have shown so I have a bit of a disagreement 
with the notion that even though climate models get some big num- 
ber right that they don’t get the smaller regions right. So I do 
agree with Dr. Avissar’s point that the regional expectations of cur- 
rent models — or regionalization is a way to improve these global 
climate models. 

Mr. Boucher. Thank you very much. My time has more than ex- 
pired. 

The joint session, I assume is underway, although I do not see 
bells having rung. Do we have any information about that? It was 
supposed to convene at 11:00. 

Mr. Barton. I am ready to keep going. 

Mr. Boucher. I am ready to keep going too but I think we have 
to observe the rule. 

Mr. Barton. I won’t tell. 

Mr. Boucher. Why don’t we say 

Mr. Barton. It has not started, my staff says. 

Mr. Boucher. It has not started? 

Mr. Barton. No, sir. 

Mr. Boucher. I think the best course for us at this point is in 
fact to recess, and my apologies to our witnesses for this. I hope 
your patience will enable you to remain here and answer additional 
questions my colleagues will propound. Let us reconvene 5 minutes 
after the joint session has concluded. The subcommittee stands in 
recess. 

[Recess.] 

Mr. Butterfield [presiding]. Come back to order. 

I was not in the session this morning. I understand that the wit- 
nesses have already testified and we have started the questions. 
Have we done the opening statements? We have done the opening 
statements. 

Let me thank all of you for your patience. This has been a dis- 
jointed morning this morning. I am sure you have been informed 
that we had a special session of Congress this morning at 11:00 
and we have just completed that and now we are back to work. 

At this time the Chair will recognize the distinguished gen- 
tleman from Illinois, Mr. Hastert. 

Mr. Hastert. Thank you, Mr. Butterfield. I appreciate that, and 
again, I appreciate all the patience of our people who are witnesses 
who are here to testify today. 

Mr. Oppenheimer, in your statement you were talking about the 
polar ice fields, specifically in Antarctica, and talking about the 
thickness of the sheets and the possibility of I think it is 1,000 
years that they may melt. Hasn’t the temperature actually in the 
South Pole not been affected? 
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Mr. Oppenheimer. We really don’t have a good picture of what 
temperatures have done over the last 100 years for the continent 
as a whole. We know that temperatures have warmed on the Ant- 
arctic peninsula which is the furthest north point and we know 
that the limited number of stations, and I think it is really only 
two inland away from the coast did cool for some period of time. 
There is some indication that that trend is reversing. So my own 
judgment on that, and there is not complete agreement on this in 
the community, is that we cannot make a statement about what 
the Antarctic continent as a whole has done over the past century. 
There simply isn’t enough data. 

Mr. Hastert. Then if we are talking about the ice fields at the 
South Pole and Antarctic, we need to be careful about what we say. 

Mr. Oppenheimer. We need to be careful about how we rep- 
resent what has happened in the past. There is no question about 
that. 

Mr. Hastert. And what happened in part is hard to have the 
prognosis. It almost has to happen in the future. 

Mr. Oppenheimer. We have some idea of what happened in the 
very distant past, not a very firm idea, and we have a better idea 
of what happened in the distant past for Greenland. So would you 
like me to elaborate? 

Mr. Hastert. Well, I am short on time here so I appreciate your 
answer. 

Dr. Christy, in your report and your testimony about land use 
and agriculture changes in the Central Valley of California, that 
they had an impact on temperature and that you are starting to 
see this in other work. When we hear about rising temperatures 
and other climate changes, should we keep in mind that that land 
use may play a more significant role than we have talked about? 

I come from the Midwest, an agricultural district, and in April 
when the fields are plowed and you are ready to plant corn and 
soybeans, everything is black. Heat is absorbed by that black loam 
and then of course and by the end of May, and the first part of 
June, it is covered in green. It changes. What is the effect? 

Mr. Christy. Well, as a graduate of the University of Illinois, I 
have seen those same fields, and what we found at least in the 
study we have done in California and also now in Africa that you 
alluded to is that that is explaining the largest changes that are 
occurring there, that it is not something that can be affected by 
greenhouse gases. It is something that the way in which the warm- 
ing occurs. It is related to what humans are doing to the landscape, 
not to the atmosphere. 

Mr. Hastert. Dr. Avissar, again, another phenomenon that ex- 
ists are clouds, some clouds have a cooling effect, some clouds have 
a heating effect. They hold heat in. Can you explain how clouds are 
treated in the models and are they approximated and we can trust 
the many approximations of real process and models to faithfully 
simulate the real world over decades? 

Mr. Avissar. Our understanding of the cloud system is still rel- 
atively limited, OK. We have some moderate understanding of the 
way that the models of the way that the clouds are behaving and 
we are using that understanding to put that into our models so I 
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would say that the best in our models we have a moderate capabil- 
ity of representing the cloud system. It is done not very well. 

Mr. Hastert. Dr. Christy, the average daily temperatures, you 
suggest in your testimony, are more reliable measures of the effects 
of greenhouse gases in the atmosphere. What do these findings 
suggest about the relative role of carbon dioxide and climate 
change if the research holds up? 

Mr. Christy. OK. The point here is that the temperature that oc- 
curs at the maximum warming in the afternoon is more closely re- 
lated to the deep atmosphere and therefore to what greenhouse 
gases are doing to the atmosphere and those trends are less than 
what you see in surface temperature maps, for example, that were 
shown earlier. So that indicates that if that is the signal of what 
greenhouse gases are doing in the atmosphere that that is a small- 
er signal than we have been led to believe at this point. 

Mr. Hastert. Thank you. My time has expired. 

Mr. Butterfield. The gentleman’s time has expired. 

Let me just again thank each one of you for coming today. We 
are going to be completing this hearing this afternoon and hope- 
fully all of the Members will come through and have an oppor- 
tunity to ask their questions. 

But let me direct my question very briefly to Dr. Hurrell. Dr. 
Hurrell, as many of the members of this committee can attest, we 
have been around for a long time including the decade of the 1970’s 
and during that period of time we were given many warnings, 
many pessimistic warnings that the planet was cooling. That was 
the advice that was given to us by scientists during that era, and 
then they ask why given how wrong the scientists were back then, 
at least some of the scientists were back then, why we should trust 
the scientists now when we talk about global warming. How do we 
explain that the science is now different than it was in the 1970’s? 

Mr. Hurrell. Thank you very much. There were a handful of 
scientists who were taking about a global cooling signal and poten- 
tial causes for that. A key aspect of this is that the climate system 
does vary and it varies for both natural as well as anthropogenic 
reasons. The fundamental difference now is that unlike in the mid- 
1970’s when a few scientists were talking about this, we are talk- 
ing about much stronger evidence now, much better understanding 
and an entire climate community or almost an entire climate com- 
munity who is in agreement on the major points. There have been 
the IPCC assessments. There has been National Academy of 
Science reports. There has been U.S. Climate Change science pro- 
gram results and the like that all speak to these general conclu- 
sions that we are talking about today. This is quite different from 
the situation in the 1970’s where there simply was not nearly as 
comprehensive and expensive look at what could have been causing 
that bit of global cooling that we saw really from a peak in the 
mid-1940’s into the mid-1970’s. 

Mr. Butterfield. We have just been joined by the gentleman 
from California, Mr. Waxman, and he has informed the Chair that 
he is going to have to leave very shortly and so I am going to yield 
the balance of my time with the unanimous consent of the other 
side to Mr. Waxman, in addition to his time. 
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Mr. Waxman. Thank you very much, Mr. Chairman, and I hope 
you will reclaim your time later because I know you are being very 
kind to me in letting me go forward here. 

At several of the hearings, some Members have wondered how 
important human-caused greenhouse gas emissions are when there 
are even larger amounts of naturally occurring greenhouse gas 
emissions each year. 

Dr. Hurrell, can you help us understand this? Can you explain 
why human-caused emissions are so important even though every 
year there is a greater volume of naturally occurring emissions? 

Mr. Hurrell. Absolutely. Thank you. Yes, there is a large vol- 
ume of naturally occurring carbon dioxide emissions by natural 
processes in the climate system. These have occurred of course 
throughout time. The key way to think of this problem I believe is 
that the natural system has both sources and sinks and it main- 
tains a balance in terms of the natural system. Therefore, even 
though the human contribution in terms of a percentage might be 
relatively small to the total amount of carbon dioxide in the atmos- 
phere, it is very significant because it is upsetting this natural bal- 
ance. It is basically throwing the system out of whack and so it 
provides a very important radiative forcing on the climate system 
that the climate system must adjust to and it does that by way of 
warming, among other changes. 

Mr. Waxman. Dr. Oppenheimer, from what I heard from Dr. 
Christy, he seems to be saying — and correct me if I am wrong — 
that this latest report from the Intergovernmental Panel on Cli- 
mate Change diminishes some of the reasons to be concerned about 
the impacts of climate change. For example, he stated reductions 
in the scariest realization of sea level rises are welcomed. I am con- 
cerned about the accuracy or your views of that position. 

Mr. Oppenheimer. What IPCC did in this report is to narrow the 
range of uncertainty on future sea level rise so that the lowest pro- 
jection of possible sea level rise has been raised and the projection 
of highest plausible sea level rise within 90 percent confidence has 
been lowered. On the other hand, IPCC was very careful to note 
that its projections do not account fully for processes that we know 
are going on in Earth’s ice sheet in Greenland or in West Antarctic 
and so those projections have to be regarded themselves as rel- 
atively cautious because they assume the ice sheet will not con- 
tinue to accelerate their loss of ice into the sea, which increases sea 
level. 

Mr. Waxman. It is my understanding the IPCC’s sea level rise 
projection only includes the melting of glaciers and the increased 
volume of the oceans due to the absorption of greater warmth. Is 
that correct? 

Mr. Oppenheimer. Not quite. There is an attempt to account for 
the fact that over the last decade ice in both Greenland and parts 
of Antarctic have started to move very rapidly into the sea. Those 
are called dynamical changes because they are flows like rivers 
flow. The ice flows like rivers in certain spots. The IPCC added to 
its melt this approximation to sea level rise that you get from just 
looking at melting a small amount to account for these extra flows 
that are occurring in the rivers of ice coming off the continents but 
it did not make any estimate for what could happen if those flows 
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increase in the future and there is a significant risk that those 
rates of ice flow will in fact increase. 

Mr. Butterfield. Let me ask you to suspend for just a minute, 
please. The gentleman’s time has expired, and with the unanimous 
consent of the minority, I would ask that Mr. Waxman he allowed 
to continue with his regular time. 

Mr. Barton. Point of parliamentary inquiry. 

Mr. Butterfield. Yes, sir. 

Mr. Barton. I am not going to object. I know people are husy, 
but would this mean Mr. Waxman would get 5 minutes and then 
we would get 5 minutes for our side. 

Mr. Butterfield. The gentleman had 8 minutes because he did 
not exercise his right to an opening, so it is 3 plus 5. 

Mr. Barton. Three plus 5 or 3 plus 8? 

Mr. Butterfield. Three plus 5. Yes. The gentleman requests 5 
minutes. All right. The gentleman is recognized for 5 minutes. 

Mr. Oppenheimer. So my point is that in one sense the IPCC 
projections are regarded by many scientists as conservative because 
they are unable to account for the accelerated loss of ice into the 
sea that we know is occurring. We don’t have a model that can tell 
us how to project those sorts of changes. The best we can do is look 
at what happened in past climates a long time ago when the poles 
were somewhat warmer than today and see what the fate of the 
ice was. What we know is, the Greenland ice sheet was signifi- 
cantly smaller and sea level was 4 to 6 meters higher, about 13 to 
20 feet. We don’t know how fast that occurred. We don’t know 
whether that process has already been triggered in fact. 

Mr. Waxman. So in your view, you don’t see any reason that this 
most recent IPCC report should make us less concerned about the 
impacts of climate change than we previously believed? 

Mr. Oppenheimer. Overall, it makes me more concerned, and the 
things that are quite uncertain in the report make me concerned 
because they are uncertain and they could wind up either turning 
out smaller or they could turn into very, very big hazards in the 
future. 

Mr. Waxman. Dr. Christy, in your testimony you also discuss 
some new proposals to control greenhouse gas emissions that are 
in the “ballpark of the Kyoto-like reductions.” You state that these 
proposals would have a very small and perhaps undetectable im- 
pact on preventing climate change. One of the industry’s strongest 
criticism of the Kyoto protocol was that it wouldn’t solve the prob- 
lem. Under the Kyoto protocol, the developed world would take one 
step toward emissions reductions by 2012. However, these reduc- 
tions alone were not enough to solve the problem and of course in- 
dustry was concerned about what unknown targets they might face 
after 2012. When you include the lack of targets for the developing 
world, I can see why you would say it is hard to predict the climate 
outcomes associated with Kyoto. Fortunately, we have moved be- 
yond the Kyoto debate. 

I have a chart that shows the emissions targets for the green- 
house gas reduction bills that have been introduced in the 109th 
and noth Congresses. Would you say that any of these bills are 
in the ballpark of the Kyoto-like reductions? 

[The chart follows:] 
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Mr. Christy. This is just for the United States, right? 

Mr. Waxman. Yes, bills introduced in the Congress here. 

Mr. Christy. I don’t know if I can understand the question. 
Kyoto is the red and it looks like two and three intend to go beyond 
Kyoto out to 2030 or 2040. I mean, I am just reading the chart. 

Mr. Waxman. Right. 

Mr. Christy. But I think my point would still be the same, is 
that since this is only the United States, that our ability and our 
observing system is not capable of saying here is a change that we 
can confidently attribute to one of these bills. 

Mr. Waxman. At least five of the bills introduced are not Kyoto- 
like. Let us assume that the U.S. commits to emissions cuts in the 
range called for by these five bills and let us assume that on this 
basis the U.S. positions itself as a world leader and convinces other 
nations to undertake similar emissions cuts. 

Dr. Hurrell, do you agree that this range of emission cuts on this 
time frame will have a measurable effect on the climate? 

Mr. Hurrell. I personally believe it is essential that these kind 
of trajectories are adopted. I believe that while there are uncertain- 
ties in our knowledge, as we have already discussed widely today, 
we know quite a bit and I think that the potential consequences 
of global climate change are important enough that these kind of 
reduction proposals should be adopted. I agree with your statement 
that the United States can play a leadership position in convincing 
the rest of the world to go along. It has to be a global solution. It 
can’t be something that we do alone. 

Mr. Waxman. Dr. Hegerl, based on your expertise on climate 
forcing, would emission cuts in the range of 65 to 80 percent over 
the next 45 years have a measurable effect on the climate? 

Ms. Hegerl. Can I have the last figure of my testimony, please? 

Mr. Waxman. Sixty-five to 80 percent over the next 

Ms. Hegerl. Oh, no, the last figure of my figures, please. Next 
one. So what you see here is in yellow is the lowest limit of what 
we can do physically. This is if we would freeze concentrations at 
the present time and what you see in colors are the various emis- 
sions. So any bill that would reduce emissions beyond the lowest 
emission there will have a big impact on future global temperature 
rise and with it on the impact global warming can make quite a 
bit of difference because impacts are expected to correlate some- 
what with the global mean temperature increase. 

Mr. Butterfield. The gentleman’s time has expired. 

Mr. Waxman. Mr. Oppenheimer, do you have anything on that 
as I ask my last question? 

Mr. Oppenheimer. Yes, I agree, it would have an effect, particu- 
larly since the U.S. taking leadership I think would bring other 
countries along and then we would have a serious global reduction. 

Mr. Waxman. Thank you. 

Thank you, Mr. Chairman. 

Mr. Butterfield. The gentleman’s time has expired. 

The gentleman from Texas, the ranking member of the full com- 
mittee, is recognized for 5 minutes. 

Mr. Barton. Mr. Chairman, before I use my time, I would ask 
Dr. Hegerl or Dr. Oppenheimer to provide us with a copy of the ac- 
tual report. They keep referring to it. All we have is the summary 
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and this is the 2001 report. What we have is about a 10-page sum- 
mary. They have seen it; we haven’t. I think we need the report 
and have it in the record of this hearing or at least have it avail- 
able for members of the subcommittee. 

Mr. Oppenheimer. Could I comment on that? I have been careful 
in my testimony to refer only to what is in the summary because 
the actual details are not going to be available until May. I wish 
they were available today but I don’t 

Mr. Barton. Well, your testimony was so specific, you are bound 
to have seen the report. There is no way you could say some of the 
things you have said if you haven’t seen the report. 

Ms. Hegerl. The U.S. Government has commented extensively 
on the draft report so it has seen the draft reports and 

Mr. Barton. Well, we are part of the tJ.S. Government and 
we 

Ms. Hegerl. Yes, so you could 

Mr. Butterfield. Point of order. Will you make the report avail- 
able when it is available? 

Mr. Oppenheimer. Certainly. 

Mr. Barton. It is something available now, Mr. Chairman. 

Mr. Butterfield. When do you estimate that to be? 

Mr. Oppenheimer. It will be published publicly in May. I don’t 
have the power or the authority to release the report. 

Mr. Barton. But you have read it. 

Mr. Oppenheimer. I have read it but I have been — first of all, 
it may change in some respects between now and May. Second of 
all, I have been extremely careful, as I think these people have 
been too, to refer only to items which can be defended by looking 
at the summary, which is public. Do you want me to go over that 
point by point? I would be happy to. 

Mr. Barton. Mr. Chairman, were based on more than this sum- 
mary. I have read the summary. 

Mr. Butterfield. Let me ask the gentleman to suspend. This 
has extended beyond a parliamentary inquiry. I am going to recog- 
nize the ranking member for 5 minutes. 

Mr. Barton. Well, I want some definition about how we are 
going to get a copy of this report. 

Mr. Butterfield. Well, the gentleman has said it is not avail- 
able and he will make it available when 

Mr. Barton. Well, if it available to those people and it has been 
available to parts of the executive branch, it should be available to 
members of this subcommittee under some conditions that are ac- 
ceptable to both the majority and the minority. I am not saying we 
are going to publish it but I think we ought to have it available. 
That is the whole purpose of this hearing. 

Mr. Butterfield. From the majority side, if the report is avail- 
able, we will certainly accept it and make it available. 

Mr. Markey. Will the chairman yield briefly? 

Mr. Butterfield. Yes, the gentleman from Massachusetts. 

Mr. Markey. The Bush administration has a copy of the report. 
I recommend that our committee ask the Bush administration to 
give us a copy of the report, which they have, and I would make 
the request from the committee. 
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Mr. Barton. Again on my parliamentary inquiry, according to 
our speaker of the legislative branch, we are supposed to produce 
a bill by June. It is early to mid-March. Fifty people contributed 
to this report, according to the summary sheet. Only one is with 
us. Dr. Hegerl, and yet we are asked to make major policy deci- 
sions on our economy without seeing the base documents. That is 
an impossible situation to put the Congress in. 

Mr. Butterfield. Well, it is an impossible situation to put the 
witness in. He said that it is not available and he will make it 
available when it is plausible. 

Mr. Barton. I am not recommending this, Mr. Chairman, but I 
believe if we subpoenaed the report, we could get it. 

Mr. Butterfield. All right. Your comments are in the record. 

The gentleman may resume. 

Mr. Barton. Well, start the clock for me, Mr. Chairman. 

Mr. Butterfield. All right. Let us restart the clock. 5 minutes. 

Mr. Barton. My first question I think is going to be to Dr. 
Hegerl. On page 2 of the summary, down in the middle of it, it says 
that carbon dioxide is the most important anthropogenic green- 
house gas. I am probably mispronouncing anthropogenic but that 
means manmade. What is the most important greenhouse gas, pe- 
riod, not just manmade but in totality, natural or manmade? 

Ms. Hegerl. That would be water vapor. 

Mr. Barton. Water vapor. And what percent of water vapor is 
manmade? 

Ms. Hegerl. I would defer. I would just repeat what Dr. Hurrell 
just said. Water vapor is a very powerful natural greenhouse gas. 
It would have quite substantially cooler temperature on Earth if it 
weren’t for the natural greenhouse gas water vapor. Adding CO^ to 
the atmosphere changes the balance, the heat balance of the plan- 
et. 

Mr. Barton. My understanding is that water vapor is 95 percent 
of the greenhouse gas. Would you agree with that? 

Ms. Hegerl. I don’t know the exact numbers. 

Mr. Barton. All right. My understanding is that water vapor is 
about 95 percent and that manmade carbon dioxide is about 4 per- 
cent. Does anybody on this panel dispute that? 

Ms. Hegerl. No, but we are changing the balance, the overall 
balance. 

Mr. Barton. But you will agree that of greenhouse gases, water 
vapor is well over 90 percent and manmade CO^ is under 5 per- 
cent? That is a factor of approximately 20 to 1. 

Mr. Oppenheimer. Could I clarify? I think what you are refer- 
ring to is the natural emissions of carbon dioxide are about 95 per- 
cent of total emissions and the human emissions are at 4 percent 
of total carbon dioxide emissions. 

Mr. Barton. Well, I think we have to have some perspective be- 
cause this report, the summary of the report that nobody has seen 
except for 50 very important people and maybe a few in the Bush 
administration is based on manmade emissions. In point of fact, 
natural emissions overwhelm manmade emissions. 

I want to go to page 4 of the summary. I am going to ask Dr. 
Christy a question. These radiative forcing components in the 



30 


charge on page 4 are in watts per meters square. They only list 
manmade forcing components. Is that the way you read that chart? 

Mr. Christy. Yes. 

Mr. Barton. OK. 

Mr. Christy. Except for the solar forcing. 

Mr. Barton. Now, what is the most important radiative forcing 
component in totality in terms of temperature change? 

Mr. Christy. Well, you would start with the sun and then the 
water vapor in the atmosphere and clouds and so on are the big- 
gest — 

Mr. Barton. And if the manmade component has a positive total 
net radiative forcing change of about 1.5 or 1.6 meters squared, if 
we put the same kind of table for clouds, where would that be on 
the chart? 

Mr. Christy. It would be about this far out from the page. 

Mr. Barton. We can’t put “this far out” in the record. In terms 
of watts per meters squared, where would it be? 

Mr. Christy. The net effect would be in tens of watts per meters 
squared. 

Mr. Barton. Tens of watts. Now, is water vapor the same thing 
as clouds? 

Mr. Christy. I am talking about the total impact of that. 

Mr. Barton. Dr. Hegerl or Dr. Hurrell, do you disagree with 
what Dr. Christy just said? 

Mr. Hurrell. I agree that water vapor is the dominant green- 
house gas. 

Mr. Barton. And do you agree that in order of magnitude, it is 
100 times larger than the net manmade effect? 

Mr. Hurrell. I am not sure about the factor of 100. I believe, 
as I said, that those are very large effects, that the natural system 
is in balance so the emphasis on the anthropogenic part is because 
it throws the natural balance out of whack. That is why the an- 
thropogenic component is important. 

Mr. Barton. Now, my next question I guess will be to Dr. 
Hegerl. Again, back on page 2 down in the footnotes, the very last 
sentence says that a number of uncertainty ranges in the Working 
Group I third assessment report corresponded to 2-sigma, 95 per- 
cent, often using expert judgment. Does that mean that the uncer- 
tainty range is close to 100 percent? 

Ms. Hegerl. No, that just defines which uncertainty ranges are 
given conventionally in the report. 

Mr. Barton. Well, but if you have a normal bell curve, 50 per- 
cent is right in the middle and then you have these ranges. Each 
sigma range goes out from the center. If I understand correctly, if 
you have got a 2-sigma difference, you could be 100 percent off or 
50 percent off either way. Or my statistics wrong? And I could very 
well be wrong. It has been a long way since I took statistics in col- 
lege but that is the way I remember it. When I view it, this basi- 
cally says you all could be way off even using expert judgment. Is 
that what that says? 

Ms. Hegerl. The 95 percent range indicates a chance of five out 
of 100 or one in 20 to be outside that range, which is a quite small 
chance. 
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Mr. Barton. Mr. Chairman, my time has expired. Are we going 
to have a second round? 

Mr. Boucher. Well, I think that depends on how long the first 
one goes and how busy members are and how patient the panel is 
willing to be. So the answer is undetermined at this time. We will 
see. 

Mr. Markey is recognized for 8 minutes. 

Mr. Markey. I thank the Chair very much. 

The average temperature for a human being is 98.6. You increase 
our temperature by 3 degrees, that individual now has some prob- 
lems. They are visiting the doctor, just the 2- or 3-degree change. 
Or to think of it another way, on a seesaw, there is 1,000 pounds 
on one side and 1,000 pounds on the other side. It is an equi- 
librium. But you put 20 more pounds on one side or the other and 
it throws the whole system out of whack, and that is essentially 
what is happening whether it be human temperature or it be na- 
ture itself When you have relatively small changes in something 
that is in equilibrium, you get rather dramatic changes in terms 
of the whole direction of a seesaw or a human being’s health. 

So Dr. Oppenheimer, in your testimony you suggest that the 
greatest impact of global warming on the United States and for the 
world may come from rising seas. But you also say that there is 
a lot of uncertainty about how the ice sheets in Greenland and Ant- 
arctic will behave as the planet continues to warm up. If both the 
Greenland ice sheet and the West Antarctic ice sheet were to melt, 
you say we could see a 40-foot increase in sea levels, 23 feet and 
17 feet. What would be the consequences of that kind of rise in sea 
levels. Doctor? 

Mr. Oppenheimer. A 40-foot rise would, for instance, bring the 
Gulf Coast up to about the level of Houston and all the land be- 
tween that and the current Gulf Coast would be submerged. A 
third to about half of Florida actually would be permanently sub- 
merged. It would be a world-shaking change. I want to emphasize 
that I don’t think any scientist thinks that that kind of sea level 
rise could play out totally in a matter of even a century. It would 
take at least, by my own reckoning, four or five centuries at mini- 
mum but the rates of sea level rise between now and then would 
be staggeringly high. They would be on the order of a couple of me- 
ters per century. We can’t deal with that. 

Mr. Markey. So you note that the IPCC projection of a 7- to 15- 
inch increase in sea level excludes rapid dynamical changes in ice 
flow. Why was that excluded? Was it because the IPCC felt those 
kind of changes were unlikely or because scientists didn’t know 
how to model them yet? 

Mr. Oppenheimer. It was because scientists at the current time 
do not have a model and you need a model to project forward. They 
do not have a model that can accurately reproduce what has hap- 
pened to the ice sheets recently in the last few decades and there- 
fore they do not trust the projections of those models in terms of 
projecting the behavior of the ice sheets over the next several dec- 
ades and certainly not over the next several centuries. So at this 
point there is a lot of scurrying around in the community of 
glaciologists to try to better understand what our observations of 
file ice sheets mean, to construct an advanced model to be able to 
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project better, and to interpret climates of the past to tell us what 
they say about what the ice sheets did when Earth was warmer a 
long, long time ago. 

Mr. Markey. So would it be fair to say that there is an unknown 
unknown out there with respect to the melting of those polar ice 
sheets that could make the problem much worse than what the 
IPCC has found thus far? 

Mr. Oppenheimer. I think you are drawing on former Secretary 
Rumsfeld’s description of uncertainty and I would rather refer to 
it as a known unknown than an unknown unknown. 

Mr. Markey. But is it a fair conclusion to say that is possible? 

Mr. Oppenheimer. Yes. 

Mr. Markey. Regardless of the description of it, is the conclusion 
accurate? 

Mr. Oppenheimer. I am sorry. Could you repeat what the conclu- 
sion was? I got lost in the metaphor. 

Mr. Markey. Is there an unknown out there or a known un- 
known, as you want to describe it, that the melting of the ice 
sheets could be far worse than the IPCC report? 

Mr. Oppenheimer. Yes, that is certainly true. 

Mr. Markey. OK. Well, that is the important thing to get on the 
record. 

Mr. Markey. For the other panelists, how concerned are you 
about a possible disintegration of the Greenland and West Ant- 
arctic ice sheets, and do you concur with Dr. Oppenheimer’s testi- 
mony that loss of large parts of the polar ice sheets and a very 
large sea level rise over the course of several hundred years rather 
than over a millennium would occur once the world warms up as 
little as 3 or 4 degrees Fahrenheit. Do you all agree on that? 

Mr. Hurrell. I will speak just very briefly. Yes, I agree. I agree 
with Dr. Oppenheimer’s main points and again, I point to the 
paleoclimatic evidence going back where we know that for instance 
in the last interglacial, much of the Greenland ice sheet was melt- 
ed and sea levels were indeed much higher than they are today and 
so I think that is a very real possibility. 

Mr. Markey. Thank you. 

The other witnesses quickly? 

Ms. Hegerl. I agree with the overall statement too and I would 
like to remind that the lower limit of sea level rise is largely driven 
by factors we understand much better than the disintegration of ice 
sheets. For example, the simple temperature effect on ocean water 
expanding. So the lower limit is far less uncertain than the upper 
limit. 

Mr. Markey. Thank you. 

Mr. Avissar. Yes, if there is warming, the ice sheet will melt and 
that will increase the sea surface level, no doubt. 

Mr. Markey. Dr. Christy? 

Mr. Christy. This is a very complicated issue but I would like 
to say that a thousand years ago, Greenland was much warmer 
than it is today for centuries at a time and yet it evidently did not 
experience any kind of dramatic change at that point. 

Mr. Markey. Thank you. Let me move to you then. Dr. Christy. 
On page 8 of your testimony and in your oral testimony, you said, 
“It disturbs me when I hear that energy and its byproducts such 
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as CO^ are being demonized when in fact they represent the great- 
est achievement of our society. Where there is no energy, life is 
brutal and short,” and you are quoting of course the famous philos- 
opher, David Hobbs, who actually said that life for man in a state 
of nature was nasty, brutish and short but Hobbs, Doctor, was ac- 
tually arguing for the need to have governments in place to address 
the needs and wants that make this so, lack of food, lack of secu- 
rity, et cetera. For Hobbs, government was the leviathan, a huge 
beast, but he argued that it was a necessary beast so our challenge 
is whether governments will respond to the challenge that sci- 
entists are opposing right now. If we fail, we may well return to 
a Hobbsian state of nature, brutal and short, but that is the point 
he was making, that governments must then work to minimize it. 
So to the extent that yes, science does demonize, science has de- 
monized asbestosis. Science has demonized tobacco. Science has de- 
monized exposure to radiation. It doesn’t mean that they all don’t 
have a role but the warning comes as to what the negative con- 
sequences are as well and so if you want to characterize that as 
demonization, I think you have a right to do so but I think you 
misquote Hobbs and I also think you understate the role histori- 
cally that science has played. Doctor, in giving us the warnings not 
just of the benefits of science, the benefits of technological advance- 
ment but also the negative consequences. So there is a Dickensian 
quality, in other words. It is the best of technologies and the worst 
of technologies simultaneously. It can both do good and harm at 
the same time, and I would just appreciate your comment on that. 

Mr. Christy. OK. I didn’t see or hear a question but I think the 
basic thing I want to 

Mr. Markey. No, I asked for a comment. 

Mr. Christy. OK. The basic point I wanted to get across was 
that people like me are alive today and you as well because of the 
technologies energy has brought us and because of that CO^ that 
is in the atmosphere now and that is a point that needs to be really 
emphasized, and in my experience in Africa, I keep going back to 
that because energy demand will rise tremendously. We see it right 
now in those countries. And when I saw that chart up there about 
the U.S. emissions, I don’t think any of those are going to happen, 
but when you throw in the rest of the world, I don’t see how some- 
thing short of a global recession or depression would cause CO^ 
emissions to fall. 

Mr. Boucher. Thank you very much. Dr. Christy. 

Thank you, Mr. Markey. 

Mr. Shimkus for 5 minutes. 

Mr. Shimkus. Thank you, Mr. Chairman. And I have enjoyed 
this. I am old Army infantry guy and we had the acronym — it is 
not politically correct but it is “Keep it simple, stupid,” the KISS 
formula, and that is what a lot of us try to make through all this 
science and stuff. I also, at the risk of being defined as a Nean- 
derthal, because a lot of this is secular humanist debate, I am a 
creationist so I believe in the big picture; God is in control, but God 
also calls us to be good stewards, and I think that is kind of par 
of this debate which I don’t mind and I think it is going to be help- 
ful because Mr. Christy’s comments about life in a carbon world 
and the benefits provided by a carbon world is undeniable. The life 
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that we live as middle-class Americans — maybe I am not in that 
category anymore but my family sure was when I was being 
raised — because electricity and power allowed us to have a stand- 
ard of living that, I am one of seven kids, probably half the kids 
would have died in the Middle Ages if it weren’t for the carbon 
world in which we live, and we can’t just throw that out of this de- 
bate, which brings up a lot of great questions because we hear the 
term “balance” so the first question — and really, the only way we 
are hearing so far about balancing is capping carbon dioxide, cap- 
ping emissions of carbon dioxide and whether that is arguable or 
not, whether we can do it or even maintain it. Is there a way to 
put a balance without capping carbon dioxide? Why don’t we just 
go quickly though because I don’t have that much time. 

Dr. Hurrell, do you think there is a way to reclaim this balance 
without — my staff is going to have to give me the formula, CO^ and 
all the different strata of the atmosphere and what is going on. 
Can we emit something up into the atmosphere to help create a 
balance? Is there something proactive we can do that would be less 
costly that would create more balance than just destroying our abil- 
ity to use the fossil fuel society and which we benefit from? 

Mr. Hurrell. Yes. I don’t think any of us are interested in de- 
stroying the society and the technology that we benefit from. There 
is a certain level of climate change that we are committed to, as 
Dr. Hegerl spoke to. 

Mr. Shimkus. I apologize. I only have little more time. Is there 
something that we can do other than capping carbon? 

Mr. Hurrell. If you are referring to geo-engineering techniques, 
other things that we can do to help restore this balance, that is a 
topic of discussion that was very, very early my concern. With all 
of those approaches, there can be unintended consequences. 

Mr. Shimkus. OK, I don’t have time to go through all of the 
whole panel. Is there anybody that feels strongly on this debate? 

Mr. Oppenheimer. Yes, I would just say that ultimately, we have 
to come to grips with the carbon problem, but that that could in- 
clude efforts like the ones you heard of yesterday at carbon capture 
and storage or enhancing terrestrial sinks, or in other words, in- 
creasing biological production in forests. There are many ways to 
skin the cat, but in the end, carbon dioxide has to be limited. 

Mr. Shimkus. I understand the report is not going to be made 
until May and I understand that, but it is in the releases of what 
people think is coming out. One would be that the hockey-stick as- 
pect is not going to be part of this second report. Can you confirm 
or deny? And if is not, why? 

Ms. Hegerl. The report has a section that talks the 
paleoclimatic perspective about our understanding of how tempera- 
tures in the last half-century compared to temperatures in the last 
I think 1,300 years. It is on page 10. 

Mr. Shimkus. So you are telling me it is going to be included? 

Mr. Hegerl. The discussion of temperature over the last millen- 
nium is definitely included. 

Mr. Shimkus. So the hockey-stick graph and the proposals on 
that premise will be in this next report? 

Mr. Hegerl. The report discusses temperature changes over the 
last millennium, and we understand a lot more about how tempera- 
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ture evolved over the last thousand years and also what caused 
many of these changes. Many of these changes were influenced by 
things 

Mr. Shimkus. ok, let me ask one last question, and I apologize 
again. I have have 5 seconds left. 

I had dinner with a classmate of mine who is a NASA astronaut, 
and of course, he has been up twice now, and what he says, which 
is an interesting perspective, is when you are up in space and you 
look at the atmosphere, and it is very thin, we are our own little 
spaceship traveling through time. Does any of this global warming 
affect the destruction of atmosphere as we know it? We are talking 
about climate change and temperatures, but would it affect the 
breakup of atmosphere as we know it? Does anybody think it is 
part of that? 

Mr. Oppenheimer. Are you asking whether it would affect the 
breakup? 

Mr. Shimkus. Yes. I mean, is Earth at risk of just destroying and 
being a rock plummeting through space now? 

Mr. Oppenheimer. Probably not. 

Mr. Shimkus. Thank you. 

I yield back, Mr. Chairman. 

Mr. Boucher. Thank you, Mr. Shimkus. 

That was certainly a reassuring answer. 

Mr. Oppenheimer. With 90 percent confidence. 

Mr. Shimkus. How many sigmas? 

Mr. Boucher. Mr. Inslee is recognized for 8 minutes. 

Mr. Inslee. I defer. 

Mr. Boucher. Mr. Inslee chooses to defer, and we will return to 
you at a later point. Mr. Burgess is recognized for 5 minutes. 

Mr. Burgess. Thank you, Mr. Chairman, and I thank the panel 
for a lively and thought-provoking discussing. Now, unlike the 
chairman who got a full summary, I only got two pages, so I don’t 
want anyone to think I am intellectually constrained, only talking 
about two pages, but that is all I was given. 

Now, Dr. Christy, can I ask you, I was most intrigued in your 
testimony. I didn’t actually find in it in the written part that you 
submitted for us about the discussion that we just had with Mr. 
Markey about how life was brutal and short without adequate en- 
ergy and how energy does make a difference and has made a dif- 
ference to the quality of life that we all experience and has allowed 
us all to live longer and healthier lives. If we were willing to sac- 
rifice that and said that is not something that is of any value, and 
we were wanted to go with metaphysical certainty to where Kyoto 
would have taken us and beyond, let us say we were to go to 60 
percent below the 1990 levels, and say we could do that in the next 
couple of years. A hundred years from now, have we really helped 
things? 

Mr. Christy. Well, I don’t think you would be reelected if you 
ran on that platform and actually did it. The economy would be al- 
most totally destroyed if you are talking about 60 percent reduction 
in CO^ emissions right now. The only way I see something like that 
happening is a massive nuclear power 

Mr. Burgess. But if we did? 
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Mr. Christy. It would be very, very tiny if just the United States 
was doing what you said. 

Mr. Burgess. Well, would we prevent a hurricane? Would we 
prevent a Katrina? 

Mr. Christy. No, Hurricane Katrina was a category 3 when it hit 
the coast. 

Mr. Burgess. Well, then I guess it leads the question, are we 
thinking about this problem in the correct way? If our goal is to 
eliminate carbon from the atmosphere in the form of carbon dioxide 
and the only way to go about it is to scale back the economy in 
ways that are really almost incomprehensible to me because of the 
costs of human suffering that would be involved, are we going 
about this the right way? 

Mr. Christy. Well, that I don’t know. I don’t sit in your seat and 
see all that you are doing. 

Mr. Burgess. Well, therein is part of the problem. And Chair- 
man Barton alluded to it. And I mean under the summary for pol- 
icymakers, I have got pages 9 and 10, and on page 9, which has 
the table 2 for policymakers, we have the likelihood of a trend oc- 
curring the last 20th century, second column, likelihood of a human 
contribution to an observed trend, and column 3, the likelihood of 
future trends based on projections of the 21st century. And on that 
middle column, I guess, is where I would like to concentrate, and 
if you would look at the last four areas that are studied. We are 
left with a designate of “more likely than not.” And this includes 
heat waves, heavy precipitate, areas affected by drought, tropical 
cyclones increase, and increased incidences of extreme high sea lev- 
els. All of those things scored more likely than not. Have I got that 
right of what you have got on that table? Help me understand — 
and you already alluded to my reelection — to me more likely than 
not more mean 50.1 percent if it was a two-person race, but could 
be as low as, as we saw in Texas, 39 percent, if you have a four- 
person race. So what is the percent of more likely than not? 

Mr. Christy. As I understand it, it is 51 percent. Is that right? 

Ms. Hegerl. It is greater than even odds, so 50 percent or great- 
er. 

Mr. Burgess. Fifty percent, but that is only assuming that there 
are two eventualities. If there were a third in there, then that 
would reduce it even further, correct? 

Ms. Hegerl. No, the four last instances are based on aspects of 
the climate system which we don’t model very well, and which we 
cannot very confidently, at this point, attribute 

Mr. Burgess. Mr. Chairman, I am going to run out of time. I 
guess what I would like to ask, if it is possible, and I may not have 
asked this very well, but I will try to submit this in writing to the 
entire panel. I would like to get your thoughts on that. 

And just finally one last question — and I know this is true be- 
cause I read it on a blog on the Internet — we are assuming that 
there is an absolute constant. I guess. Dr. Christy, you said in re- 
gards to global warming that solar radiation is the number one 
source for global warming. Is that a fair statement? 

Mr. Christy. It is the source of our energy that runs our system, 
yes. 
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Mr. Burgess. Correct, well, assuming that none is coming from 
the Earth’s core, and I don’t know if that is still molten or not. It 
was when I when I was in high school. It may not he anymore. Of 
that solar radiation, is that an absolute constant? 

Mr. Christy. No, solar radiation varies, but what varies more 
would be, for example, the cover and constitutes in the atmosphere 
that would affect the Earth more. 

Mr. Burgess. But all of these assumptions, at least to my 
uninitiated eye, would mean that the solar contribution is an abso- 
lute constant, that it never changes. 

Mr. Oppenheimer. No, that is not true. IPCC looks around care- 
fully at that question, and we know very well what the solar vari- 
ations have been over the last 30 years or so because we have sat- 
ellites that stare at the sun all the time. And they have given us 
the indication that the sun’s variation in the last 30 years when 
Earth has been warming a lot has been tiny. A tiny percentage, it 
can account for only a very, tiny percentage of the warming. And 
even looking back 250 years, changes in the sun could only account 
for less than 10 percent of the warming that has occurred. 

Mr. Burgess. Which brings me to the blog on the Internet and 
that apparently Mars too is afflicted with global warming and the 
reduction in size of their ice cap. Are humans responsible for the 
Mars problem as well? 

Mr. Oppenheimer. Mars is afflicted with a greenhouse effect, 
just like we are, but we have an increase in greenhouse effect. And 
Mars probably doesn’t. 

Mr. Burgess. Thank you, Mr. Chairman. You have been very in- 
dulgent. 

Mr. Boucher. Thank you, Mr. Burgess. I totally neglected the 
time, but I am confident you used it well. Mr. Whitfield is recog- 
nized for 8 minutes. 

Mr. Whitfield. Thank you, Mr. Chairman, and appreciate the 
panel being with us today. On this intergovernmental panel, the 
ICCP, whatever the initials are, how many scientists are on that 
panel? Anyone that knows the answer. 

Ms. Hegerl. Hundreds of — depends on how you define the panel, 
the lead authors, or hundreds of lead authors. Do you remember 
that exact number? 

Mr. Hurrell. There were 152 lead authors and 400 contributing 
authors to working group one, which deals with how the climate 
has been changing and the role of human activities in that. 

Mr. Whitfield. My understanding that, of course, you have the 
lead authors for different segments of these reports. And I remem- 
ber we had a hearing, an oversight investigation about a year ago, 
and there was some discussion about the impact of global warming 
on hurricanes and flooding and so forth. And some members of the 
IPCC that were making the big report had a press conference evi- 
dently at Harvard University, and one of them made the comment 
that global warming has an impact on the frequency of hurricanes. 
And as a result of that, the lead author of the hurricane section 
ended up resigning from the panel because he said this is more of 
a political statement than anything based on science. And he re- 
signed from the panel. Are any of you familiar with that situation 
at all? 
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Ms. Hegerl. Sir, I don’t think this refers to the IPCC but to the 
U.S. CCSP report, right? 

Mr. Christy. No, this was the IPCC, and he was not a lead au- 
thor. He was a contributing author. 

Ms. Hegerl. He was a contributing author? 

Mr. Whitfield. He was a contributing 

Mr. Christy. Yes, what was his name? 

Mr. Whitfield. Chris Landsea. 

Mr. Christy. Yes. 

Mr. Whitfield. Now, do any of you have any comment about 
that? I mean one of the issues about all of this global warming is 
that it seems to be becoming immersed in total politics. For exam- 
ple, there have been some IPCC reports that have said that any- 
thing below three degrees of warming in our climate, that devel- 
oped countries will benefit economically and developing countries 
will not benefit economically. Are you all familiar with that state- 
ment? 

Mr. Oppenheimer. Yes, I just want to point out that that is the 
arena that the second IPCC working group, which is not going to 
report until April deals with. And so there will be updates on that 
view, but they are not finalized yet so I can’t discuss them. 

Mr. Whitfield. But in 2001 or 2000, they did make that state- 
ment. 

Mr. Oppenheimer. It is a statement. I can’t remember the exact 
number. Up to a certain temperature, there could be benefits in 
certain areas, and the developing countries would more likely start 
to suffer before developed countries like the United States did. 

Mr. Whitfield. When the Kyoto Protocol was being agreed to by 
some countries and not agreed to by other countries, there was a 
cry around the whole world about how catastrophic this would be. 
But 10 years ago in an article in “Geophysical Research Letters” 
they estimated that if every nation on Earth lived up to the United 
Nations Kyoto Protocol on global warming, it would prevent no 
more than . 126 degrees Fahrenheit of warming every 50 years. 

Mr. Oppenheimer. Yes, the Kyoto Protocol was viewed by those 
who signed it as only the first step, and it was recognized that 
much larger reductions would be needed if a significant difference 
was going to be made in global climate. And those could only have 
an effect over many, many decades. So while it is technically cor- 
rect that the Kyoto Protocol would not have had much, if any, 
measurable effect on climate if that was all that was ever done, the 
expectation among the signatories was that wasn’t the last step but 
only the first. 

Mr. Whitfield. Yes, I think that as Members of Congress, not 
only in United States but around the world, it is helpful if we all 
could be less emotional on this issue because when the U.S. failed 
to sign this Kyoto Protocol, it sounded like the world was coming 
to an end. The U.S. was being so irresponsible. So I think if we can 
make this less sensational in any way possible, that we all benefit 
from that. And then a second part of this that certainly concerns 
all of us is the cost of global warming and the cost of preventing 
global warming. And I know at one time the IPCC, they looked at 
cost/benefit analysis, and then they reach a point where they said 
we are not going to consider cost at all. And then you had some. 
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I guess, people who developed some models to look at cost, one re- 
ferred to as Dice, now, tell me about Dice. 

Mr. Oppenheimer. Dice is an economic model which attempts to 
look at the balance between costs of reducing emissions and the 
damages from not reducing emissions and seek what the optimum 
balance is over the course of the next century. 

Mr. Whitfield. Now, why would the IPCC not be involved in 
looking at that as well? 

Mr. Oppenheimer. Well, in fact they have been, and again the 
report on economic consequences won’t be out until May. And I am 
not involved with it, so I can’t speak about it. But the last IPCC 
report, they did publish different ways to look at that balance, and 
a crude way to look at it is if the atmosphere, the cost of restricting 
warming to remain near those lower curves that you showed be- 
fore, would be several percent of global GDP cumulative over the 
next 50 years. That is not several percent per year. That is several 
percent cumulative over 50 years, and the cost of the known dam- 
ages were roughly the same; that is, excluding things like a large 
rise in sea level due to the loss of the ice sheets. So many econo- 
mists said well, if those two things are in balance, we ought to 
start doing something about it. And that is what the Dice model 
shows, that a current investment makes sense. 

Mr. Whitfield. OK. 

Mr. Boucher. The time of the gentleman has expired. 

Mr. Whitfield. Thank you. 

Mr. Boucher. Mr. Inslee for 8 minutes. 

Mr. Inslee. Thank you. Just kind of a bonehead question. CO^ 
warms the planet. What would the mean temperatures of the plan- 
et be if there were no CO^ in the atmosphere? Dr. Hurrell, do you 
want to start on that? Just, by an order of 300 percent. 

Mr. Hurrell. Yes, it is like a 33-degree Celsius difference, I be- 
lieve, with no greenhouse gases. 

Mr. Inslee. So no 

Mr. Hurrell. Fifty-one? 

Mr. Hastert. Are we talking about 

Mr. Hurrell. I was talking about the total greenhouse 

Mr. Hastert. He just asked about CO^. 

Mr. Inslee. Yes, let us start with greenhouse gases. Roughly 
how much colder would it be? 

Mr. Hurrell. Total greenhouse gas? 

Mr. Inslee. Yes, total greenhouse gas. 

Mr. Hurrell. Thirty-two degrees. 

Mr. Inslee. OK, how about carbon dioxide any ideas at all? Just 
don’t know. 

Mr. Hastert. Can I ask it would be 32 degrees colder? 

Mr. Hurrell. Yes, the planet is warmer by 32 degrees Celsius 
because of the greenhouse gas effect. That includes the natural 
greenhouse gas effect from water vapor as well as 

Mr. Hastert. And so if we are at zero Celsius right now, just say 
we are, we would be 32 degrees Celsius below the point we are at 
now? 

Mr. Hurrell. Right. Well, go ahead. 

Ms. Hegerl. Well, there wouldn’t be an atmosphere so we would 
have no weather. 
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Mr. Inslee. So the reason that concerns me is that we are going 
to he about twice pre-industrial levels of at least one major green- 
house gas, CO^, in the next century or so unless this Congress 
pulls its head out of the sand and does something. So that means 
if you go down with somewhere in the neighborhood of 30 Celsius, 
there is going to be big impacts in the world if we don’t do some- 
thing. And that may not be a one-to-one correlation, but I am just 
telling you how one congressman looks at that concern about how 
significant greenhouses gases are to the climatic systems of the 
Earth. We are going to be at double the levels that we had in pre- 
industrial times. Now, I am really glad that Dr. Christy came here 
because I 

Mr. Barton. Would the gentleman yield? 

Mr. Inslee. If you will give me some more time. 

Mr. Barton. Your questions are very important, and you are one 
of the most knowledgeable congressmen on this issue. I mean you 
really are. You were very patient in the minority, and you have 
every right to be a lot more impatient in the majority. But I want 
it to be clear that this 32-degree Celsius change, most of that is 
natural. It is not manmade CO^. It is water vapor that 95 percent 
is natural water vapor. 

Mr. Inslee. I understand that, and I want to come back to Mr. 
Barton’s comment, which I think is probably accurate, that only 
about 5 percent of the CO^ emitted in the atmosphere is from 
anthropomorphic sources. Now, the reason that statistic is cited be- 
cause it sounds like a diminimus amount. 

However, that is a 5 percent unnatural, if you will, increase to 
the net zero that occurred in pre-industrial times. That means it 
is like eating doughnuts for the next 20 years. If we all ate enough 
to gain 5 pounds a year, enough doughnuts, which I will call the 
unnatural part of our diet in our atmosphere, we are adding carbon 
dioxide doughnuts. And every year it goes up 5 pounds, or 5 per- 
cent. Now, that means in 20 years, I would weigh 400 pounds. So 
that 5 pounds didn’t sound like much, but what I am pointing out 
here is we are heading to a level of double the CO^. And CO^, if 
we look backwards, when you double something, it has a major im- 
pact. We know we could be in a frozen planet if we had half as 
much CO^, and if we have double the amount CO^, it is very con- 
cerning. That is my reaction to this. 

Now, I want to ask Dr. Christy a question. I am glad you came 
because listening to your testimony, what I am hearing you saying 
is yes, carbon dioxide is playing a role. I don’t think you said the 
majority role, but some of the role of climate change. And you 
talked about your work that I respect as a missionary in Africa, 
and what I take from you is you sort of assume that if we do some- 
thing about C02, we are going to all go back and live like the peo- 
ple do in Africa in that terrible poverty that you worked diligently 
to aid. 

But I want to quote a group called Christian Aid. It is an evan- 
gelical missionary and development organization. They have 
worked in Africa for 50 years, and here is what they say. “It is vul- 
nerable people in poor countries that are affected first and most se- 
riously. Climate change is the most significant single threat to de- 
velopment. It could undo decades of progress in fighting poverty.” 
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Christian Aid believes that a new global agreement must be 
reached to cut emissions and provide help to poor people who are 
on the receiving end of global warming. Any such agreement must 
be based on scientific, not political, targets. 

Now, what I understand your sort of working hypothesis. Dr. 
Christy, is for us to do something about this, we are going to have 
to go back and live in the stone ages. And the reason is that you 
just don’t believe that mankind has been given an intellectual ca- 
pability sufficient enough by the creator to develop technologies to 
deal with this that don’t put CO^ in the atmosphere. Now, that is 
the working assumption that sort of underpins your testimony. So 
I want to ask you do you about the Nanosolar Corporation out in 
California? 

Mr. Christy. I was delighted to hear that you were on the sub- 
committee. 

Mr. Inslee. Just answer the question. Do you know about 
Nanosolar Corporation? 

Mr. Christy. I probably read about it, but I could not recall any- 
thing. 

Mr. Inslee. Do you know about the A123 Battery Company? 

Mr. Christy. No, I don’t. 

Mr. Inslee. OK, just so you will know, they are a company that 
has developed a lithium ion battery that could potentially run a car 
for 40 miles with zero CO^. Do you know about the general com- 
pression company? 

Mr. Christy. Americans are innovative, and they can provide 
ways to create energy that doesn’t use carbon dioxide. And I am 
all for it if I don’t have to pay twice as much. 

Mr. Inslee. Right, so the general compression technology, basi- 
cally they have a way of compressing air to create a battery system 
to use compressed air to become essentially a battery for wind tur- 
bine technology that they believe could increase by a factor of two 
the efficiency of a wind turbine system because it can make an 
intermittent power to be stable, base load power. What percentage 
increase of technology do you believe Americans can create in the 
next 20 years, per year, as an increase, let us say, in efficiency? 
What number do you believe we can increase per year and not re- 
duce our economic growth? 

Mr. Christy. I want to respond to that Christian missionary 
thing. I am a Christian missionary and a climate scientist. So I can 
talk about both those sides. I don’t think those folks can. The prob- 
lem in Africa is governance. 

Mr. Inslee. Well, let me tell you there is another problem in Af- 
rica. 

Mr. Christy. The question about if I were just to guess and that 
is all it would be would be a guess, is that to get those systems 
into the current energy distribution and generation system would 
take decades from what I understand the situation is now, except 
for nuclear. 

Mr. Inslee. And I appreciate that comment, and I think to some 
degree it is accurate. But let me suggest that the fact that it will 
take decades for us to rebuild our economy, to be largely carbon 
neutral, is not an argument for delay. It is an argument for hasten- 
ing action. The fact that it is going to take us some time and that 
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there are some uncertainties about global warming and that there 
are uncertainties about what technologies we are going to use, isn’t 
that an argument to get started this year in Congress, rather than 
an argument to wait? 

Mr. Christy. When you say get started, that is where I worry 
about the people in Alabama who are struggling to pay their en- 
ergy bills now. 

Mr. Inslee. I understand that, and if the people of Alabama 
would adopt some of the things that we have done in other States 
like California, we could reduce our energy by 50 percent. The peo- 
ple in Alabama have increased their per capita consumption, and 
I don’t know Alabama for sure, but nationally, by 50 percent over 
the last 20 years. The people in California who are still enjoying 
hot tubs and they have still got a booming economy have had a flat 
rate of growth in energy per capita in the last 20 years because 
they have responded to this. So I am glad you came. Thank you 
very much. 

Mr. Christy. Thank you. 

Mr. Boucher. Thank you, Mr. Inslee. Mr. Sullivan is recognized 
for 5 minutes. 

Mr. Sullivan. Thank you, Mr. Chairman, and this is com- 
plicated, climate change, global warming. I am trying to learn a lot 
about it. I don’t know much about it, and maybe some of you could 
help me with some of these things. I heard today that Chairman 
Markey said that — or I think Mr. Oppenheimer might have said 
that sea level would go up 40 feet, and that scares me. A lot of peo- 
ple would probably die if that happened. Also, I think Mrs. Hegerl 
had said that — ^you were talking about some modeling and some 
temperatures from 1,300 years ago until now, and that there has 
been some dramatic change. I like using dynamic economy models 
here for tax relief, and a lot of people don’t like those. Say that my 
modeling is wrong, and I think there is always room for error in 
these modelings. Let us talk about 1,300 years ago, Mrs. Hegerl. 
What kind of meteorologists were on the planet and what kind of 
thermometers did they use? And where were the weather stations? 
Let us just say 500 years ago, what kind of thermometers? I am 
just curious. 

Ms. Hegerl. To reconstruct temperatures over the last millen- 
nium, we use proxy data that, for example, reading that approxi- 
mately respond to changes in temperature. So you can reconstruct 
with uncertainties temperatures over the past based on indicators 
that follow the climate 

Mr. Sullivan. With uncertainty? 

Ms. Hegerl. With uncertainty. On the other hand, when we try 
to understand what happened in the last millennium, we also have 
indicators of what influenced climate, and those are virtually inde- 
pendent. For example, entries in ice course in Greenland and Ant- 
arctica, that indicated what kind of corruption and the correspond- 
ence between those two things, which are virtually independent 
really, gives us some confidence that we can understand to what 
extent what happened in the past and also that we are not com- 
pletely blowing reconstructing the past. 
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Mr. Sullivan. And we talked about this naturally occurring phe- 
nomenon of the water affecting the environment, and I believe 96 
percent is natural. Is there anything we can do to change that? 

Ms. Hegerl. When we increase CO^ in the atmosphere, you have 
a bank with water vapors. The water vapor increases as we in- 
crease C02. It is a positive feedback, so when we exchange 

Mr. Sullivan. When you say that is climate models. 

Ms. Hegerl. It is also been observed. Both the vapor increases 
have been observed. 

Mr. Sullivan. And so you are saying that you can do these mod- 
els with absolute certainty of temperatures? 

Ms. Hegerl. No. 

Mr. Sullivan. That is what you said earlier. 

Ms. Hegerl. No, I am not saying we are doing with certainty. 

Mr. Sullivan. That is neat if you can. I don’t know much about 
science. I didn’t know that that could happen. 

Ms. Hegerl. No, but the IPCC has predicted through to tem- 
peratures since 1990, and we have done relatively well predicting 
what would happen in the 15 years since the process started. It has 
been warming, and it is within the range that we predicted. 

Mr. Sullivan. And would you agree, any of you, that this is pret- 
ty complicated stuff, and we need to move cautiously when we 
make major decisions? Would most of you agree with that? The 
Speaker wants us to have a bill by June to fix all this. Do you 
think that that is kind of a rush timeframe to get this done, that 
we should look at this and examine it very carefully? 

Mr. Oppenheimer. I think that is your decision, not ours. 

Mr. Sullivan. But wouldn’t you agree? 

Mr. Oppenheimer. I think the problem should be looked at care- 
fully, but we have a very large body of knowledge. It has been ac- 
cumulating since 1896 on this problem. There are reports stacked 
that thick — I think it is probably possible with reason by June 

Mr. Sullivan. Well, Doctor, we can fix this tomorrow then? 

Mr. Oppenheimer. You could get advice on how to fix it, but it 
wouldn’t be completely fixed for many decades, if then. 

Mr. Sullivan. Well, with all the modeling that you do, do you 
do any modeling of how this will affect the economy and 

Mr. Oppenheimer. It has been done. 

Mr. Sullivan. And would it be detrimental to the economy? 

Mr. Oppenheimer. There are different views. It is not going to 
happen, but if the U.S. had implemented the Kyoto Protocol, the 
estimates were about a 1 percent decrease in total GDP cumulative 
over the 10 years of implementation, according to the midrange of 
the models. In other words, about a tenth of a percent per year. 

Mr. Sullivan. OK. Well, Dr. Christy, is it correct that you have 
constructed observational data sets? 

Mr. Christy. Yes, we build them from scratch. 

Mr. Sullivan. Can you elaborate on what is involved in the ob- 
servational work you do? 

Mr. Christy. We do everything from going to libraries and get- 
ting the paper records, dusting them off and digitizing them, to get- 
ting the digital counts from satellites to create upper air data sets. 
I mean we start from scratch, and very few people in the world, 
by the way, actually do that. 
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Mr. Sullivan. That is good. Also I guess I am curious, all the 
panelists, how many of you have put together observational data- 
bases from scratch? What type of actual climate observational 
work, not climate modeling, do you do? 

Mr. Hurrell. I have not put together an observational data set 
from scratch. I am, however, a climate diagnostician. I do not build 
models. I primarily have analyzed observational data sets my en- 
tire career. 

Mr. Sullivan. So you haven’t done it? 

Mr. Boucher. Thank you. Dr. Hurrell. The gentleman’s time has 
expired. Mr. Walden for 5 minutes. 

Mr. Walden. Thank you, Mr. Chairman. And I appreciate the 
testimony of the witnesses, and my apologies for having to kind of 
come and go. It is that season here on the hill where everybody is 
in town, and we are generally triple booked. Dr. Christy, it appears 
that models get the global average temperature simulations to 
match some global average surface temperature observations. But 
do models get the patterns of warming that has been observed cor- 
rectly? 

Mr. Christy. In the data sets we construct, the answer is no, 
and it is a little bit misconception to say that they match even the 
global temperature because remember modelers already know the 
answer ahead of time. So matching that was not that great of a 
feat when it was designed to match the last 100 years of climate 
records. 

Mr. Walden. Does that mean then that they somehow manipu- 
late the data to get to the temperatures that were supplied? 

Mr. Christy. No, they don’t manipulate the data, but there is a 
level of what we call tuning that occurs to make sure that all the 
things balance right so that the temperature matches what was ob- 
served in the global average sense. 

Mr. Walden. Do they get the tropical patterns of warming or the 
observations of warming at different altitudes? 

Mr. Christy. Not that we have found, no. 

Mr. Walden. And what is the effect of that on our policymaking 
here? 

Mr. Christy. It would be just to raise great caution about using 
them as predictive tools. 

Mr. Walden. OK. 

Mr. Hurrell. Are we allowed to respond? 

Ms. Hegerl. Yes, I would like to make one comment. The ocean 
heat content data set came out in 2001, so by the time many more 
tools were used to analyze it were built and run, the data did show 
that the ocean content gained heat. And the pattern with which it 
gained it has not been known to the modelers. So this is one great 
example of a completely independent data set that wasn’t 

Mr. Hurrell. I would just like to on the record state that cli- 
mate models are put together. They are very complex tools, trying 
to represent the complexity of the climate system. But individual 
processes are modeled based on our best scientific understanding. 
That entire set of processes are then put in models, and the models 
are allowed to freely integrate in time. So the very impressive 
match on global and continental and ocean basin scales of today’s 
climate models in replicating historical record are a very powerful 
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statement that the models have reached a point where they are 
very, very useful tools. And they give us much increased confidence 
in future predictions. 

Mr. Walden. All right, then what should we make of the science 
report this summer that the upper surface of the ocean cooled sub- 
stantially between 2003 and 2005, which cut by about one-fifth of 
long-term upper ocean heat gain between 1955 and 2003? It doesn’t 
seem to square with the IPCC summary telling us, or what the 
models portray, doesn’t it? 

Ms. Hegerl. Variations over a short time scale are very difficult 
to interpret, and it is much more helpful to look at the longer time- 
frames. And those variations are interesting, and for us, as sci- 
entists, fascinating. But I would warn of trying to extrapolate them 
for a longer time. 

Mr. Walden. Well, do you see short-term variations on some of 
the glaciers and all too? I am thinking in the Northwest last sum- 
mer, we were told in Oregon the glaciers had receded by 50 per- 
cent. And about three weeks ago, they came back with revised fore- 
cast that it was actually 35 percent. 

Mr. Oppenheimer. One does see short-term variations in gla- 
ciers, and they are of a surprising degree. 

Mr. Walden. Right. 

Mr. Oppenheimer. It turns out that ice could move much faster 
than we thought. It can accelerate, and it can stop much faster 
than we thought. 

And that is, by the way, one of the reasons we don’t have a lot 
of confidence in the models. They don’t predict such changes. Those 
are the ice sheet models. That is distinct from the atmosphere cli- 
mate models. 

Mr. Walden. I understand, and I am not necessarily making the 
argument the Earth isn’t getting warmer. I mean I believe we have 
had thermometers, and you have got predictive models, and they 
may be up and down and all that. My question though is in the 
limited data that I have been trying to get up to speed on, it ap- 
pears this has been an accumulation during the Industrial Age. It 
has been close to 100 years that we have been, if you follow the 
theory, we have been putting carbon and other pollutants into the 
atmosphere that has caused this to occur. I have also read that it 
could be 100 years if we got back to equilibrium before you might 
see a substantial temperature change downward. 

Mr. Oppenheimer. I think a simple way — a cartoon of the situa- 
tion is if you stopped all emissions today, it would take many dec- 
ades, probably about two centuries, for carbon dioxide to return to 
the level of around 300 parts per million. 

Mr. Walden. And if you get much below that, am I not correct 
that we go back into an ice age? Weren’t we in an ice age in the 
50 to 100 parts per million? 

Mr. Oppenheimer. No. The last ice age came to an end about 
10,000 years ago. And since then, climate has had 

Mr. Walden. No, my question is what was the carbon level in 
the atmosphere during the Ice Age? 

Mr. Oppenheimer. About 200 parts per million. 

Mr. Walden. That is what I was saying. If you got down to 50 
to 100, I had it lower than what you are saying. 
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Mr. Oppenheimer. Right, but that is not going to happen. 

Mr. Walden. I didn’t ask that. No, that wasn’t what I was say- 
ing. There is a point where you don’t want to eliminate all carbon 
out of the atmosphere or you have cooling right? Again that was 
the issue in the 1970’s. I remember some of those stories. The Com- 
ing Ice Age, and all that in “Time” magazine. 

Mr. Oppenheimer. The likelihood is we are never even going to 
get back to the pre-industrial level of 280 parts per millions. It is 
simply not going to happen because we put so much carbon dioxide 
in the atmosphere. If we stopped our emissions, it would gradually 
fall out, but we are stuck with some of that carbon dioxide for 
1,000 years or more. 

Mr. Walden. Some of it lives a very long time. 

Mr. Oppenheimer. Correct. 

Mr. Boucher. The gentleman’s time has expired. 

Mr. Walden. Thank you, Mr. Chairman, for your indulgence. 

Mr. Boucher. Mr. Barton has asked for the opportunity to pro- 
pound some additional questions, and at this time, I am going to 
recognize him for an additional 5 minutes of questions. 

Mr. Barton. I am going to try to be as quick as possible, Mr. 
Chairman. Thank you for your courtesy. What is the largest con- 
centration of CO^ in the atmosphere ever as far as we know if you 
go back to prehistoric times? 

Mr. Oppenheimer. Ever? 

Mr. Barton. Ever. 

Mr. Oppenheimer. Ever, there were times in Earth’s history 
where there was much more carbon dioxide than today, but in the 
time 

Mr. Barton. Well, I mean just give me a number. I mean I am 
told that plants are genetically best able to reproduce themselves 
and thrive at 1,000 parts per million of carbon in the atmosphere. 
Is that a true statement or a non-true statement? 

Mr. Oppenheimer. We don’t actually have a good picture because 
those levels of carbon dioxide haven’t recurred for millions and mil- 
lions of years. 

Mr. Barton. But isn’t it a fact that in the past we have evidence 
or we at least have theories that carbon has been much higher con- 
centration than 380 parts per million? 

Mr. Oppenheimer. Yes, and Earth was much, much, much 
warmer. 

Mr. Barton. OK, and even you would admit those weren’t driven 
by manmade emissions? 

Mr. Oppenheimer. Even I would admit that that was natural, 
but it occurred very slowly over millions of years. 

Mr. Barton. Well, but I mean the point is that we are taking 
as a base period 1750 or 1850, which we are in what we at one 
time called the Little Ice Age, and since that time, the temperature 
has been going up, which you would assume, if you are coming out 
of an ice age, it would be going up? 

Mr. Oppenheimer. Excuse me. It was not an ice age. It was a 
small decrease in temperature mostly in the North Atlantic Basin. 

Mr. Barton. It was in popular literature until recently it has 
been called the Little Ice Age. 
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Mr. Oppenheimer. Right, but it had some effects in the North 
Atlantic Basin and maybe some other places. An ice age means 
1,000 feet of ice reaching down to New York. 

Mr. Barton. Well, we have had higher concentrations of CO^ 
and higher concentrations of carbon than what we have today. 

Mr. Oppenheimer. Right. 

Mr. Barton. That is a true statement. 

Mr. Oppenheimer. Sure, and what we perhaps will do over this 
century is return Earth’s temperature to levels that were near 
what they were several million years ago. 

Mr. Barton. I want to ask Dr. Christy a question. Are clouds 
critical to how warm or cold the Earth is? 

Mr. Christy. They are critical. 

Mr. Barton. How well do we understand the formation of 
clouds? 

Mr. Christy. Not well at all. 

Mr. Barton. How do we account for clouds in these models that 
the scientists have been talking about? 

Mr. Christy. Well, the grid squares on which calculations are 
done are fairly large, a few hundred kilometers. And so clouds can- 
not be represented in that with a single point number. So they are, 
in a sense, statistically represented in terms of their effects on the 
radiation and so on. 

Mr. Barton. I am told that there are about 20 models that por- 
tray themselves as being able to model climate in the atmosphere 
and that none of these models accurately account for clouds. Is that 
a true statement or a non-true statement? 

Mr. Christy. Well, it hinges on accurately, and from my point 
of view, I would say that is true. 

Mr. Barton. Dr. Hurrell, would you agree or disagree with that 
last statement? 

Mr. Hurrell. I agree the clouds are a major shortcoming of to- 
day’s climate models. 

Mr. Barton. OK, if you were a policymaker, given the uncer- 
tainty just in that one variable, how many millions of jobs would 
you put at risk for political correctness? It is a fair question. That 
is what we are being asked to do by the 1st of June. 

Mr. Hurrell. I resent the notion that the greenhouse effect as 
a problem involves political correctness. It is, in first order, a sci- 
entific issue. Whether it is worth doing anything about and how 
much is indeed your own decision. 

Mr. Barton. Well, your own testimony earlier. Doctor, was that 
if we totally eliminated manmade CO^ emissions, it could be sev- 
eral centuries before we saw any change. 

Mr. Hurrell. No, I didn’t say that. I said it would be several 
centuries before carbon dioxide would return even close to pre-in- 
dustrial levels. That is something quite different. 

We could have a substantial change on future climate by limiting 
emissions, and in addition, it needn’t bankrupt the economy. That 
is a false comparison, as the progress in California has shown. It 
was referred to by the Member from Washington. 

Mr. Barton. My time is about to expire. Let me ask one last 
question. 

Mr. Hurrell. Sure. 
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Mr. Barton. Your radiative forcing components in this summary 
shows that there is some manmade forcing components that are 
negative. As a policy option, should we consider doing some of the 
negative things that would balance the positive? 

Mr. Hurrell. If you want people to be breathing dirtier air, 
sure, go ahead. But I don’t think people want to solve one environ- 
mental problem on the back of another. 

Mr. Barton. OK, I thank the Chair’s courtesy, and I am going 
to have some written questions for this group. 

Mr. Boucher. Well, without objection, written questions may be 
submitted to this panel. And when they are, we would appreciate 
your expeditious response. Mr. Hastert. 

Mr. Hastert. I just want to thank the panel. This is what it is 
supposed to be, a learning experience. One of the things we have 
learned is that there is not a lot of exactness there. There is a lot 
of maybe and ifs and clouds do this and maybe not and ice sheets, 
and I appreciate the frankness and candidness of this panel. It has 
been very helpful. Appreciate everybody being here today. 

Mr. Boucher. And let me second that sentiment. I very much 
appreciate your willin^ess to spend time with us today. It has 
been a rather long period of time, and we thank you for your an- 
swers. Mr. Burgess, do you have a comment you would like to 
make? 

Mr. Burgess. Yes, I do have a comment. We have heard some 
rather intriguing science and certainly the level of uncertainty 
around some of these issues that were discussed today just leads 
me to believe that the timeline that we are on to produce a legisla- 
tive product by June or July is absolutely untenable. And I hope 
the chairman will communicate with his leadership about the hear- 
ing that we have had today and the fact that it was well attended, 
at least on our side. There is a genuine willingness there to learn. 
We are going to need more time to develop a legislative product 
that does not put our economy at risk and still serves the needs 
of generations to come. 

Mr. Boucher. Thank you, Mr. Burgess. And let me assure you 
that we are having in-depth discussions on the majority side about 
the schedule. 

Mr. Burgess. I will be glad to show up and help you with those 
discussions. 

Mr. Boucher. Thank you. I might call on you to do that. Well, 
with those comments, we thank our panel, and this hearing is ad- 
journed. 

[Whereupon, at 1:40 p.m., the subcommittee was adjourned.] 

[Material submitted for inclusion in the record follows:] 
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Climate Change: Are Greenhouse Gas Emissions from Human Activities Contributing to a 
Warming of the Planet? 

Roni Avissar, Civil and Environmental Engineering, Duke University (avissar@duke.edu) 

Testimony Summary 

The Earth system is still not understood well enough to precisely answer the question: “How do you 
expect future global temperatures to be affected by greenhouse gas emissions from human activity?” 
Simulations performed with state-of-the-art regional climate models add a perspective on multi-scale 
interactions involved in the Earth system that are not simulated in Atmosphere-Ocean General 
Circulation Models (AOGCMs) and, therefore, have not been accounted for in studies performed 
with these models. These simulations lead to significantly different results and conclusions on the 
behavior of the Earth system. Human activity has an impact on the Earth system that is broader than 
greenhouse gas emissions. For example, land-cover changes due to land use play a significant role in 
climate change, through feedback on ecological and hydroclimatological processes (including, 
among others, clouds, precipitation, fires, carbon and aerosols). Whether land use enhances or 
mitigates the effects of greenhouse gas emissions, and at which pace the various human activities and 
corresponding responses of the modified environment occur, remains to be clarified. A new 
generation of climate models capable of simulating such multi-scale processes and feedback is 
required to answer these questions more precisely. Nevertheless, there is conclusive observational 
evidence for global temperature and sea level rise, and ice caps and snow cover shrinkage. These 
phenomena are well correlated with human activity, broadly defined. Thus, the issue for scientific 
debate is the relative contribution of individual human activities, which is needed to anticipate the 
impact of future emissions, not their overall contribution to climate change, which according to the 
recent IPCC report has now been established with a high level of confidence. 
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Introduction: 

Climate models are essential tools to study the various processes that take place in the Earth system. 
Yet, they are not accurate enough to precisely assess the impacts of greenhouse gases emissions (as a 
separate component of the various human activities) on our future climate. As summarized in the 
National Research Council report on “Radiative Forcing of Climate Change” (NRC, 2005) “...there 
are major gaps in understanding of the other forcings, as well as the link between forcings and 
climate response. Error bars remain large for current estimates of radiative forcing by ozone, and 
are even larger for estimates of radiative forcing by aerosols. Nonradiative forcings are even less 
well understood. . ." 

Simulations produced with AOGCMs miss significant processes that drive the climate response 
in somewhat unexpected ways. As an example to demonstrate this issue, simulations of deforestation 
of the Amazon Basin are produced with a state-of-the-art regional climate model, namely the 
Regional Atmospheric Modeling System (RAMS) developed at Colorado State University. By using 
a much better resolution than that typically adopted in AOGCMs, land-atmosphere interactions 
(including clouds and precipitation) are simulated more accurately with regional models. They are 
compared to the simulations produced with the NASA Goddard Institute for Space Studies Model II, 
one of the well-accepted GCMs. 

Regional vs Global Modeling: 

Soares Filho et al. (2004)' have produced scenarios of land-cover change in the Amazon Basin for 
the next fifty years based on socio-economic development anticipated in that region. Figure 1 
illustrates their predicted land-cover map for 2050. 


' Soares-Filho, B., A. Alencar, D. Nepstad, G. Cerqueira, M. D. V. Diaz, S. Rivero, L. Solorzano, and E. 
Voll, 2004. Simulating the response of land-cover changes to road paving and governance along a major 
Amazon highway: The Santarem-Cuiaba corridor. Global Change Biology, 10, 145-764. 
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Figure 1: Land-use map of the Amazon Basin based on socio-economic development of that region 


by 2050. 

Figure 2 shows the January-February mean rainfall observed in the Amazon Basin for the period 
1970-2000. One can notice that year 1997 was particularly wet, 1998 (which was an El Nino year) 
was particularly dry, and 1999 and 2000 received an amount of rainfall similar to the 30-year average. 



Figure 2: January-February mean rainfall in the Amazon Basin for the period 1970-2000. 
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Using the meteorological conditions of these four years as a representative sequence of weather 
conditions in this region, together with the scenarios of land-cover change produced by Soares Filho 
et al. for 2030 and 2050, we studied the hydroclimatological impacts of deforestation in the Basin 
with RAMS. We also produced a “control” simulation using the current land-cover map of the region, 
and a “total deforestation” case that could possibly happen by the end of the century at the current 
pace of deforestation in that region. 

Figure 3 illustrates the change of precipitation obtained with RAMS for the 2050 land-cover 
scenario. Unlike the results obtained with a typical GCM, it is interesting to note that the heavily 
deforested eastern part of the basin experiences an increase while the western part of the basin sees a 
reduction of precipitation. This is particularly noticeable during El Nino events (not showed here). 
Considering the entire basin (Figure 4), the GISS GCM simulates a stronger reduction of 
precipitation due to heavy deforestation. During the wet year of 1 997 (and to some extent in 1 999 
and 2000), deforestation has very little impact on precipitation. However, the ^pe of precipitation 
changes from the “green ocean” that is obtained with current land-cover conditions to convective 
rainfall when the region is deforested. This significantly alters the ground radiative balance. 
Comment: 

The precipitation shift and cloud structure simulated with RAMS are not represented by the GCM. 
They have a significant impact on the radiative forcing, which is typically used as a criterion to 
evaluate the human impacts on climate. Furthermore, the ecosystem feedback to the climate through 
more frequent fires that are likely to be triggered in the western part of the basin as a result of 
intensified droughts produced by the precipitation shift is not represented in these models. The 
release of aerosols by the fires and their direct and indirect impact on the radiative forcing is not well 
understood. The ecosystem response under the joint influence of precipitation shift and increased 
carbon dioxide is not known, let alone represented in these models. Yet preliminary results indicate 
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that increased carbon dioxide tends to intensify rainfall in that region, mitigating the effects of 
deforestation. Therefore, better models accounting for such processes are needed. 



Longitude 


0 n Jo tip*" 

Figure 3: Rainfall anomaly (mm) relative to the "control " simulation for the land-use scenario of 
2050. 



Figure 4: Relative rainfall (compared to the “control " case) as affected by relative deforestation 
simulated with RAMS (solid line) and with the GISS GCM (dashed line). 
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House Committee on Enei^ and Commerce 
Subcommittee on Energy and Air Quality 

Written Testimony of John R. Christy, PhD 
University of Alabama in Huntsville 
7 March 2007 

Chairman Boucher, Ranking Member Hastert and committee members, I am John 
Christy, professor of Atmospheric Science and Director of the Earth System Science 
Center at the University of Alabama in Huntsville. I am also Alabama’s State 
Climatologist. I served as a Lead Author of the IPCC 2001 report and as a Contributing 
Author of the 2007 report. 

SUMMARY 

I will be reporting today on research that has appeared recently or that will be published 
shortly. 

In the following testimony I will first describe how a carefully reconstructed time series 
of temperatures in the Central Valley of California indicate that changes since 1910 are 
more consistent with the impacts of land-use changes than the effects currently expected 
from the enhanced greenhouse theory. This and other research points to the need for a 
better temperature index than what is used now over land: daytime temperatures, rather 
than the average daily temperatures (used now), are more directly representative of the 
layer in the atmosphere affected by greenhouse gases. Secondly, I will describe results 
from two papers which examine our knowledge of atmospheric temperatures as they 
relate to the surface. The results point to a more modest atmospheric warming than 
anticipated from our current understanding of the enhanced greenhouse theory. Further, I 
argue for an independent program with significant funding to evaluate climate model 
simulations and projections with a healthy, objective eye. 

I then include comments on my view of the unfortunate and incorrect attempt to 
demonize energy and its by-products. Without energy, life is brutal and short. The 
option of ethanol as a substitute for petroleum is addressed pointing out that though there 
are serious concerns, there is indeed a way to achieve a significant increase in production 
in the U.S. if that is the course the coimtry deems necessary. 

The meaning of my climate research for policy makers is two-fold. First, it is apparent 
that we have little skill at reproducing and predicting changes on regional scales of the 
size up to a region like conterminous U.S. Secondly, it is therefore far more difficult to 
predict the climate effect of a particular policy aimed at altering current emissions of 
greenhouse gases (by small amounts) and thus somehow “hold back global warming”. In 
other words, we are unable with any confidence to predict or detect climate outcomes 
from Kyoto-like policy options, especially on the scale where our citizens live. 
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[Many of the statements below will use the tenninology “consistent with” rather than 
“proof of’. This is the way science works in the field of climate because we basically 
cannot give “proof’ of the type found in laboratory experimentation.] 

CENTRAL CALIFORNIA TEMPERATURES 

Last year I and 3 coauthors published a paper on temperature trends in Central California 
since 1910 (Christy et al. 2006). This was actually a follow-on of work I did as a 
teenager growing up in the San Joaquin Valley some 40 years ago when all I had was a 
pencil, graph paper, a slide rale and a fascination with climate. In this new work, 
sponsored by the National Science Foundation, we set out to collect all available 
information on surface temperatures in the Valley and nearby Sierra Nevada foothills and 
mountains and then develop a means to generate temperature trends with defined levels 
of confidence. 

What drew my attention to this problem was the apparent rapid rise in nighttime 
temperatures in the Valley, temperatures that appeared to be much above those I 
remember recording as a teenager. We eventually produced a dataset with many 
observations never before utilized (we performed the manual digitization of many of 
those records.) In addition, we examined all of the ancillary information to document 
changes experienced by stations that could affect the overall trends. This involved 
reading and digitizing over 1600 pages of information about the stations and instruments. 
This has not been done before in California. 

We then developed a method which takes into account the various events that affected 
each station, i.e. a move, a change of instruments, a change in procedure, etc. We 
discovered that on average, a station experienced about 6 events that could produce a 
change in the surface temperature. After adjusting for these changes, we combined the 
stations in the Valley to see what went on the last 1 00 years and did the same for the 
Sierras as a control experiment. Our work uses literally 10 times the amount of data of 
previous attempts at creating such temperature records. 

We discovered that indeed the nighttime temperatures in the 18 Valley stations were 
warming rapidly, about 6°F in summer and fall, while the same daytime temperatures fell 
about 3°F. This is consistent with the effects of urbanization and the massive growth in 
irrigation in the Valley. 

The real surprise was the composite temperature record of the 23 stations in the central 
Sierra foothills and mountains. Here, there was no change in temperature. Irrigation and 
urbanization have not affected the foothills and mountains to any large extent. Evidently, 
nothing else had influenced the Sierra temperatures either. 

These results did not match the results given by climate models specifically downscaled 
for California where the Sierra’s were expected to have warmed more than the Valley 
over this period (e.g. Snyder et al. 2002). 
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Because these results were provocative, we performed four different means of 
determining the error characteristics of these trends and determined that nighttime 
warming in the Valley was indeed significant but that changes in the Sierras, either day or 
night, were not. Models suggest that the Sierra’s are the place where clear impacts of 
greenhouse warming should be found, but the records we produced did not agree with 
that hypothesis. For policymakers in California this result is revealing. It suggests that to 
“do something” about warming in central California means removing agricultural and 
urban development rather than reducing greenhouse gas emissions. 

[Note: as a follow-up to Christy (2002) on Alabama temperature trends, we examined the 
output from 10 climate models. All models showed a warming trend for 1900 to 2000 in 
the SE U.S. However, observations show a cooling trend (common throughout the SE 
U.S.) Additionally, Kunkel et al. 2006 perform a similar analysis for the central U.S. 
where temperatures have not experience a wanning trend while model simulations of the 
same period do. Kunkel et al. identified this feature in the central U.S. as a “warming 
hole”.] 

The bottom line here is that models can have serious shortcomings when reproducing the 
type of regional changes that have occurred. This also implies that they would be 
ineffective at projecting future regional changes with confidence, especially as a test of 
the effectiveness for specific policies. In other words it will be almost impossible to say 
with high confidence that a specific policy will have a predictable or measurable impact 
on climate. 

We are nearing the end of an extensive study of surface temperatures in East Africa, a 
place I had lived and monitored the weather in the mid-1970s. Our preliminary results 
are similar to those from Central California in that daytime temperatures are not changing 
at all, while nighttime temperatures appear to be rising. This particular area is of great 
interest because two of Afiica’s ice-capped mountains, Mt. Kilimanjaro and Mt. Kenya, 
reside in this region. There is clearly no doubt that these East African ice fields are 
shrinking. However if general warming is the reason, it should be due to the rise of 
daytime temperatures, because nighttime ternperamres are well below freezing already. 
However, we find little if any warming in daytime temperatures, suggesting these ice 
fields are disappearing for reasons unrelated to a general wanning . . . perhaps to 
decreasing cloudiness and precipitation. 

A soon-to-be published paper focuses on surface temperature issues in general (Pielke et 
al. 2007). It strongly suggests that a new surface temperature index is needed for 
monitoring the climate system for global change. To date, the typical land surface 
temperature record is an average of the daytime high and the nighttime low. However, 
this research, our own research and that of others indicate that the nighttime low (more so 
than the daytime high) is affected by numerous local changes that are unrelated to the 
global climate concerns. These influences include increasing the surface roughness by 
adding orchards or buildings, changing natural cover to heat-soaking surfaces like 
asphalt, putting aerosols and dust in the lowest layer, heavy irrigation, etc. 
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The nighttime temperature over land occurs in a relatively shallow layer near the surface 
and thus is more strongly affected by changes in the properties at or near the surface as 
described above, be they land-use changes or atmospheric concentrations of aerosols. 

This implies that the more reasonable index to use for monitoring the global climate is 
the daytime maximum temperature which occurs at a time of day when a deeper layer of 
air is mixing down to the surface, mitigating the non-climate effects of those local 
changes. The daytime temperature then represents more closely what is happening in the 
deep atmosphere where changes due to such drivers as greenhouse gases occur. This idea 
will be mentioned later. 


ATMOSPHERIC TEMPERATURE TRENDS 

There was considerable media attention given to the Climate Change Science Program’s 
2006 report about temperature trends in the atmosphere, about 0 - 35,000 ft, versus those 
of the surface for the period since 1 979. The basic task of the CCSP was to look at the 
various datasets of atmospheric and surface temperature and draw conclusions about their 
relative trends. Several atmospheric datasets revealed trends less than or the same as the 
surface, which is at odds with greenhouse theory as embodied in present-day climate 
models which anticipate a faster rate of warming in the upper air. 

The key statement regarding GLOBAL trends in the report claimed, “This significant 
discrepancy no longer exists.” It would have been more accurate in my view to have 
said, “The magnitude of these global discrepancies is not significant.” This is a subtle 
but important difference because it not only acknowledges that discrepancies still exist 
but that the differences between the global surface and atmospheric trends are within the 
uncertainty bounds of our various measurements at this time. In other words, rather than 
being a statement claiming certainty of the measurements (and models) it should have 
been a statement claiming the uncertainty of our knowledge. I had proposed the second 
rendition, but was unsuccessful in seeing it implemented. 

Be that as it may, the more interesting issue is found in the tropical region. Here we have 
significant discrepancies between surface and atmospheric trends for nearly all datasets. 
The tropical region is not trivial, constituting 1/3 of the global area. 

The report acknowledged that reasons for this discrepancy were an “open question” but 
came to a “consensus” statement that the reason for the discrepancy was (a) errors 
common to models (b) errors in most observational datasets or (c) a combination of the 
two. The report says that the authors “favored” the second reason, i.e. observational 
error. The word “favored” was used to allow a sense of a majority view, since I did not 
agree with that assessment. I preferred the third option, that models and observations 
have roughly the same amount of error. 

I was fairly happy with choosing option (c ) because I knew of the two papers that were 
going to appear soon based on research sponsored by the Dept, of Energy, the Dept, of 
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Transportation and the National Oceanic and Atmospheric Administration (Christy and 
Norris 2006, Christy et al. 2007). In these papers I dealt specifically with atmospheric 
trends and the information we have to assess errors and uncertainties. In both papers we 
show that atmospheric trends from our UAH datasets are most consistent with 
independent measurements and thus imply that the discrepancy between the tropical 
surface and upper air trends is quite differently expressed in observations versus model 
output. 

In the second of the papers, we examined eight upper air datasets in the tropics. All but 
one revealed less cooling aloft than at the surface. And, in all cases, these seven differed 
from the one “warming” dataset in the same way, something that would be highly 
improbable by chance if the one “warming” dataset was accurate. The conclusion of the 
paper was that there is very likely a difference between the surface and atmospheric 
tropical trends, with the atmosphere being cooler. This is significant because model 
simulations indicate the atmosphere should be warming faster than the surface by a factor 
of about 1.3 if greenhouse influences are correctly included in climate models. Thus, 
while all datasets indicate a warming trend in atmospheric temperatures, and therefore 
perhaps a consistency with some level of greenhouse forcing, the rate of the warming is 
(a) more modest than expected and (b) occurs in a different relationship to the surface 
than expressed by climate models. 

PANEL QUESTIONS 

Given the above information I would answer the questions posed to the panel as follows: 

(1 ) Are global temperatures increasing? 

Averaged over the surface, over land and ocean, using both day and night 
temperatures together, the answer is yes. Over land, using daytime temperatures 
as a likely better indicator of overall climate change, the answer is yes, but at a 
small rate. In the lower atmosphere since 1979, the answer is yes, but at a rate 
nearly all datasets show is lower than projected from climate models relative to 
the surface. 

(2 ) If global temperatures are increasing, to what extent is the increase attributable to 
greenhouse gas emissions from human activity as opposed to natural variability or other 
causes? 

No one knows. Estimates today are given by climate model simulations made 
against a backdrop of uncertain natural variability, assumptions about how 
greenhouse gases affect the climate, and model shortcomings in general. The 
evidence from our work (and others) is that the way the observed temperatures are 
changing in many important aspects is not consistent with model simulations. 
However, with extra greenhouse gases in the atmosphere there should be some 
impact on global surface and atmospheric temperatures, but the exact extent is 
unknown. Since 1950, the IPCC indicates from model simulations that “most” of 
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the 0.5 °C surface warming (perhaps 0.3?) is due to the way models incorporate 
the effects of extra greenhouse gases. 

(3 ) How do you expect future global temperatures to be affected by greenhouse gas 

emissions from human activity. 

If the simpler aspects of physics prevail in this complicated system, the surface 
temperature of the planet should rise. How much? The current rate is about 0. 1 5 
°C/decade, part of which is very likely due to extra greenhouse gas 
concentrations, and that rate seems fairly steady. Other questions related are; 
Will it be possible to detect in the global temperature the consequence of various 
legislated actions? (Almost certainly no.) What are the consequences of putting 
more of the basic building block of life, i.e. C02, into the air? (An invigorated 
biosphere.) How much is human life going to be improved by the fact energy will 
be used to enhance human existence? (A great deal, see below under Energy 
Policy) 


MODEL EVALUATION 

The inconsistencies between model output and observational data should raise concerns 
about model confidence. Frankly, I am surprised that so many in our climate community 
grant high confidence to model output while knowing the crudeness of the assumptions 
which characterize their constmction relative to the complexity of the real world. But 
testing models is a considerable enterprise dominated now by those who are in some way 
associated with the modeling enterprise itself It may be no surprise that many 
publications conclude that model output is valuable today for policymakers. 

I am reminded, from my experience in the CCSP report, that model evaluation is often a 
restricted venture. It was a requirement in the CCSP that all observational datasets used 
in the report be publicly available in easy-to-access format. Some of us thought the same 
requirement should be applied to the global and tropical temperature averages from the 
climate model simulations, especially since those results had already been published the 
year before and the information was prominently displayed in the report. 

In a curious email debate, those who did not want public access given to the climate 
model averages prevailed. I’ve encountered this asymmetry before in the field of climate 
science in which it has typically been very difficult to obtain climate model output in a 
useful format if at all. Progress has been made with the archiving of the “Climate of the 
20"’ Century” model output at the Dept, of Energy’s Lawrence Livermore Laboratory, but 
the effort required to retrieve specialized climate variables from scores of climate models 
is still Herculean. Most investigators do not have the infrastructure and persoimel to 
spend time acquiring the huge raw datafiles for particular analyses and then climb a steep 
learning curve to process those files into the something useful. 
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This type of careful evaluation requires significant computational resources and 
personnel. However, such costs would represent a fraction of the millions allocated each 
year to modeling groups today. Having a series of significantly-funded, independent and 
rigorous evaluation projects to test models is absolutely essential for policymakers and 
represents good scientific principles. This is the path model evaluation must go for 
model output to be thoroughly assessed, documented and for progress to result. 

More generally, there is a vital need for our nation to investigate “climate change” from 
all points of view. I submit that there should be a robust program to rigorously 
investigate outcomes of the climate change field that are not typically supported because 
they may not be seen as resulting in some alarming consequence or which have found a 
significant discrepancy that needs further study. 

Using the best of all available datasets these studies would seek to characterize 
phenomena in the real world that may, for example, show a less sensitive climate system 
than currently represented in climate models. Such phenomena may lead to an 
understanding of a climate system that is more (or less) resistant to change than current 
models indicate. These studies would be done in the rigorous framework of hypothesis 
testing and peer-reviewed publication. As part of this effort, a thorough examination of 
climate indices, such as the daytime maximum versus the daily mean temperature, for 
their utility in understanding global changes vs. local changes would be enlightening. 
Because of the emotion surrounding the global warming issue, such proposals to 
investigate a potentially benign climate have a steep, uphill battle for funding 
opportunities as it struggles with the group-think that is encroaching into our profession. 
Yet a specific effort should be fostered to test and understand the many assumptions that 
underlie the current opinions of climate change that may lead to smaller changes than 
believed. 

IPCC 2007 

At this time, all we have are the “bullet points” of the IPCC Summary for Policymakers. 
As one of the contributing authors of the scientific text, 1 must wait until the full 
publication is released to understand more of the reasoning behind some of the points 
made in the IPCC. Contributing authors essentially are asked to contribute a little text at 
the beginning and to review the first two drafts. We have no control over editing 
decisions. Even less influence is granted the 2,000 or so reviewers. Thus, to say that 800 
contributing authors or 2,000 reviewers reached consensus on anything describes a 
situation that is not reality. 

I will comment on two of the bullet points, the first being one of the signature claims 
(paraphrasing for clarity) of the SPM: we are 90% certain that most of the global surface 
warming since 1950 is due to humans (actual statement is “Most of the observed increase 
in globally averaged temperatures since the mid-20* century is very likely due to the 
observed increase in anthropogenic greenhouse gas concentrations”.) The reason for the 
not-so-certain “very likely" (i.e. 90%) confidence of the IPCC authors is that there are 
nagging problems related to the imperfections in the models’ ability to reproduce many 
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of the natural fluctuations found in the observed climate system. Had I had the 
opportunity to craft that statement, 1 would have wanted to include the idea of its origins. 
Perhaps something like this is more useful to policy makers, “Our current climate models 
are incapable of reproducing the surface temperature changes since 1950 without an extra 
push from the way these models incorporate the effects of extra greenhouse gases.” 

Another quote from the SPM that is over-interpreted is the phrase, “Warming of the 
climate system is unequivocal. . .” This statement seems designed to grant powerful 
confidence to a very simple idea that the observing systems we now have are able to tell 
us the earth’s surface temperature is warmer now than it was 100 years ago and not 
colder (certainly a benefit). It says absolutely nothing about the cause of the warming. 
This becomes a problem of communication when the “unequivocal” bleeds into other 
claims as the media interprets the report. 

All in all, the reductions in the scariest realizations is a welcomed change, i.e. reduction 
of the increases in sea level and average temperatures. 

ENERGY POLICY 

Discussions of climate for policy makers inevitably lead to questions about energy use. 
This leads me to discuss my perspective on energy use about which members have 
expressed gratitude in other hearings. 

In 1900, the global energy technology supported 56 billion human-life-years (i.e. 35 yr 
life expectancy x 1 .6 billion people - it’s an index). Today, energy technology supports 
426 billion human-life-years ... an eight-fold increase. Some of those human-life-years 
are mine. I’ve been allowed to become a grandparent, a situation which is now the rule, 
not the exception. An eight-fold increase in the global experience of human life is a 
spectacular achievement delivered by affordable energy. 

It disturbs me when I hear that energy and its byproducts such as C02 are being 
demonized when in fact they represent the greatest achievement of our society. Where 
there is no energy, life is brutal and short. When you think about that extra C02 in the 
air, think also about an 8-fold increase in the experience of human life. 

While preparing this testimony, I was reminded of my missionary experience in Africa. 
As you know, African women collect firewood each day and carry it home for heating 
and cooking. This source of energy, inefficient and toxic as it is, kills about 1.6 million 
women and children every year. When an African woman, carrying 50 pounds of 
firewood on her back, risks her life by jumping out in front of my van in an attempt to 
force me to give her a lift, 1 understand the value of energy. You see, what I had in my 
school van, in terms of the amount of gasoline I could hold in my cupped hands, could 
move her and her 50 pounds of firewood 2 or 3 miles down the road to her home. I now 
know what an astounding benefit and blessing energy is . . . and to what extent she and 
her people would go to acquire it. Energy demand will grow because it makes life less 
brutal and less short. 
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The continuing struggle of the EU and other countries to achieve their self-imposed 
Kyoto targets, indeed falling behind the U.S. in the slowing of emissions growth, implies 
a lot of things, but two that stand out to me are (1) underestimating people’s demand for 
energy and (2) the well-known tendency for countries and industries to “game the 
system” for their own benefits without contributing any real results to emissions 
reduction. An example of this second point is found in the recent announcement by some 
U.S. electric power producers who are promoting limits on C02 emissions. These 
producers are heavily reliant on natural gas which is more costly than competing coal 
(and nuclear) power generators, but emits less C02 than coal. By promoting an extra 
cost (i.e. tax) on coal-fired generation these groups hope to create a government- 
mandated competitive advantage (and an increase in public energy costs.) 

This body is being encouraged to quote “do something” about global warming. The 
dilemma begins with the fact energy demand will grow because the benefits of affordable 
energy to human life are ubiquitous and innumerable. The dilemma turns to this 
question, “How can emissions be reduced in a way that doesn’t raise energy costs, 
(especially for the many poor people of my state)?” 

There are several new initiatives on emissions controls being proposed. It is difficult at 
this point to determine what impact each hopes to have on C02 emissions. Much of the 
proposed reductions apparently deal with reducing non-C02 greenhouse gases that may 
not be directly related to energy production. As a benchmark, for those which are in the 
ballpark of the Kyoto-like reductions, their relatively small effect on emissions implies a 
very small impact on whatever the climate does. 

I’ve written a number of papers about the precision of our climate records. The impact of 
Kyoto-like proposals will be too small for we scientists to measure due to the natural 
variations of climate and the lack of precision in our observing system. In other words 
we will not be able to tell lawmakers with high confidence that specific regulations 
achieve anything in terms of climate in this country or the world. Additionally, the 
climate system is immensely complicated and really cannot be tweaked for a predictable 
outcome. 

Humanity uses energy at a rate between 10 and 14 terawatts, 80% of which comes from 
sources which emit C02. To have a 10% impact globally on C02 emissions requires 
about 1 ,000 nuclear power plants now. Other options such as solar and wind are 
comparatively minuscule and troublesome as you will hear in future hearings (though 
they should be studied carefully) because of their current low intensity, intermittency, 
cost, transmission length (and losses), environmental impact and the problems of 
integrating a variable power supply into a baseload grid. So, to have even a minuscule 
impact on the climate system by 2050 or 2100, there would need to be a massive 
infrastructure change, the cost of which would be tremendous, both monetarily and 
socially (baring an innovation that is spectacular.) I recommend Robert Samuelson’s 
Washington Post column from 7 Feb 2007 on this subject. 
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BIOFUELS 

If the nation decides to make a strong commitment to invest in biofuels as a source of 
energy, there are some hurdles to overcome. The physics of ethanol, as a biofuel 
example, are not very attractive in terms of “energy in” vs. “ energy out”. There are also 
economic concerns regarding, specifically, ethanol expansion that deal with the specter of 
reduced production of other crops leading to price increases, and competition for com 
within the com market. However, the more agreeable means to accommodate a major 
expansion in com production, is simply to grow more com using land currently fallow. 
The brief discussion which follows addresses the point that logistically, it is possible to 
significantly increase com (or other biofuel feedstock) production without distorting 
other markets. 

It takes about 1000 gallons of water to grow enough com to produce 1 gallon of ethanol 
on a 10ft by 10ft square. That’s not sensible to do in a desert, but in Alabama, we receive 
on average 4,000 gallons of rain on that square every year. This suggests a sustainable 
production system is possible where water is plentiful. However, though the numbers 
demonstrate we have an abundance of rain to support biofuel feedstock, that rain often 
does not fall at the right time when crops are maturing in the hot summer. 

To produce enough ethanol to make a dent in our liquid fuel requirements would require 
millions of acres of sustainable production in wet places. In Alabama, like other 
southeastern states, we’ve lost over 10 million acres of row-crop production because of 
lack of investment in irrigation - the kind of investment the federal government has been 
making for over 75 years in the West. A fraction of those billions, if spent on irrigation 
infrastmcture in states like Alabama, would provide a way to dramatically increase 
acreage in production. If just one million acres of the 10 million Alabama has lost were 
reinvigorated with low-cost and environmentally sustainable irrigation systems, we 
would displace 10 million barrels of Middle Eastern oil per year. 2 million acres would 
produce 20 million barrels. Such volumes from Alabama alone (not to mention the other 
SE states) amounts to a significant contribution to U.S. energy needs. (Similar results 
would occur for other forms of biofuel feedstocks such as switchgrass if cellulose ethanol 
becomes feasible). 

There are some benefits to this approach. (1) An area of our nation that is terribly 
economically depressed would be recharged - there are a lot of poor people in my state in 
these areas that would experience economic growth. (2) The U.S. balance of trade would 
be improved. (3) The stated congressional goal of energy security would be enhanced. 
And, (4) a measurable impact could be assessed on the regional and national economy as 
dollars are retained within the U.S. economy. Though ethanol is not without its concerns, 
one of those should not be a logistical barrier due to the perceived unavailability of land 
and water. 
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Though biofuels may provide a relatively small portion of the world’s energy needs, the 
economic and security considerations may be the more forceful drivers which argue for 
increased production. The goal of reducing C02 emissions by an appreciable amount 
will occur through innovation in other ways of energy production that lead to generation 
of high volume, baseload energy with reduced (or zero) emissions. 
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Written Statement, March 7, 2007 
Dr. Gabriele Hegerl, Duke University 


I thank Chairman Boucher, Ranking Member Hastert and the Members of the 
Subcommittee for the opportunity to testify today, and I would like to also thank 
you for your leadership and interest in global warming. My name is Gabriele C. 
Hegerl. 1 recently had the pleasure of serving as a coordinating lead author on 
the U.N. Intergovernmental Panel of Climate Change's Fourth Assessment 
Report. Our report reflects a continued strengthening of the scientific evidence 
that human-caused global warming is occurring; we hope that it is helpful to 
policymakers seeking to address the issue. 

First, a word on my background. I am a Research Professor at Duke University. I 
got my Ph.D. in applied mathematics at the Ludwig-Maximilians University in 
Munich, in a topic of numerical fluid dynamics. After that. I worked as 
Postdoctoral Scientist and then Research Scientist at the Max-Planck Institute for 
Meteorology in Hamburg, one of the world’s leading climate modeling centers. I 
have since been a visiting scholar on a fellowship from the Alexander von 
Humboldt Association at the University of Washington, Seattle (1997-1999), a 
Research Scientist at Texas A&M (1999-2001) and have been a Research 
Professor at Duke since 2001 . My scientific interest has been focused on 
understanding and determining the causes of observed climate change. 

I have authored and coauthored about 50 scientific publications, and serve on a 
number of national and international committees, among them the National 
Research Council's Climate Research Committee, the National Center for 
Atmospheric Research (NCAR)’s advisory board for the Geophysical Statistics 
project, and the CLIVAR Joint Expert Team on Climate Change Detection and 
Indices. I have also served on the World Climate Research Program’s (WCRP) 
Working Group on Coupled Modeling, 1999 to 2004. 

I was a Lead Author of the Intergovernmental Panel on Climate Change (IPCC) 
Working Group I contribution to the Third Assessment Report, and am a 
Coordinating Lead Author of the Fourth Assessment Report that was just recently 
released. The chapter that I coordinated focuses on determining the causes of 
observed climate changes. 

My testimony will answer three central questions; (1) Are global temperatures 
increasing? (2) are the increasing temperatures attributable to human activities? 
and (3) how do we expect future temperatures to be affected by continued 
human activity? 

Key aspects of my answers are that there is unequivocal evidence that global 
temperatures are increasing. Secondly, a large body of scientific research shows 
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that the observed changes in the global climate over the past half century strong 
reflect the “fingerprints” of greenhouse gas increases and other external 
influences on climate, leading the IPCC to conclude that most of the warming 
over the second half of the 20**' century has very likely been due to greenhouse 
gas increases. If greenhouse gases keep increasing, we will see substantially 
more warming than observed over the 20**' century, I attach a file with figures 
from my slide presentation to illustrate these key points. The figures are from the 
Summary for Policymakers or the Technical Summary for Working Group I of the 
IPCC Fourth Assessment Report. 


1. Are global temperatures increasing? 

The Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment 
report concluded that “warming of the climate system is unequivocal, as is now 
evident from observations of increases in global average air and ocean 
temperatures, widespread melting of snow and ice, and rising global mean sea 
level”. This is a very strong statement, reflecting that the finding that warming is 
observed in many independent datasets, and that the observed changes are 
physically consistent with each other. 

Direct measurements show that surface temperature warmed by 0.74°C over the 
past century (1906 to 2005, 5-95% range 0.56-0.92°C; this is a 1.3°F warming 
with a range of 1 .0-1 .7°F). This warming has been widespread, as seen in 
Figure 1 . The largest amount of data is available during the second half of the 
century, when surface air temperatures, temperatures of the upper ocean, and 
temperatures of the lower atmosphere all increased and when most glaciers 
worldwide shrank. Therefore, evidence for warming is strong and comes from 
diverse parts of the climate system and many independent datasets. 


2. If global temperatures are increasing, to what extent is the increase 
attributable to greenhouse gas emissions from human activity as opposed 
to natural variability or other causes? 

Greenhouse gas increases caused very likely most of the warming over the 
second half of the 20**’ century. 

The observed warming, illustrated in figure 1 . far exceeds the magnitude of 
warming or cooling that is expected from variability generated internally within the 
climate system. El Nino is one example of this so-called “natural variability” of the 
climate system. The fact that all major components of the climate system have 
gained heat supports the assessment that an external influence on the climate 
system is responsible, since such a significant change can only be plausibly 
explained by a change in the energy balance of the planet. Therefore, IPCC 
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concluded that it is “extremely unlikely” (less than 1 chance in 20) that this 
warming was due to the internal variability of the climate system. 

We also know that influences outside the climate system, that is, external forcing, 
can cause variations in climate. For example, it is well documented that explosive 
volcanic eruptions, which eject sulfate aerosols into the upper atmosphere, cause 
a worldwide cooling during the few years following such events. This happens 
because the aerosols ejected by volcanoes into the upper atmosphere reflect 
some incoming solar radiation back to space. The cooling that occurs after such 
eruptions is visible in the modern instrumental temperature record (e.g., 
temperatures fell after the eruption of Mount Pinatubo in 1991 , visible in figure 2). 
It is also visible in reconstructions of temperatures in the Northern Hemisphere 
over the last several centuries in conjunction with reconstructions of past volcanic 
activity from ice cores and historical records. In fact, multiple volcanic eruptions 
appear to have contributed substantially, for example, to the cool conditions of 
the Little Ice Age {~1450-1850). 

Changes in solar radiation over time can also influence climate, but variations in 
solar radiation measured by satellite over the last 2-3 decades have been small 
in recent decades and can not explain the temperature increase over the same 
period. Based on statistical studies, we also concluded that the warming over the 
recent fifty years is very unlikely to have been due to natural causes alone. 

By far the strongest influence on the energy budget of the planet (called 
“radiative forcing") since preindustrial times is the warming effect of the increase 
in greenhouse gases such as CO 2 and methane, and the partially offsetting 
cooling effect from sulfate aerosols. In the Fourth Assessment report, changes in 
the energy budget of the planet due to changes in solar radiation are estimated 
to be about a tenth of the total human-induced change in the energy balance of 
the planet, with non-overlapping uncertainty ranges. Changes in land cover and 
land use (e.g., replacement of forest with agricultural land) could have 
contributed to some regional temperature changes over the historical period. 
Changes in land surface characteristics are estimated to have caused a small 
cooling effect globally. Some recent model simulations have included the effect 
of land use change and find it very small on temperature averages over larger 
spatial scales. 

When trying to explain observed temperature changes over the 20‘^ century, it is 
important to consider all important external influences on climate, such as 
changes in solar radiation and volcanic eruptions as well as the increase in 
greenhouse gases, aerosols, and changes in ozone in the lower and upper 
atmosphere. Climate models integrate our understanding of the physics of 
climate, and simulate the changes in the climate system that are expected in 
response to external forcing. Climate models are evaluated extensively by their 
ability to simulate seasonal and short-term climate variations, and also to 
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simulate conditions of past climate such as the Last Glacial Maximum or the mid- 
Holocene, a time when climate was quite different from today. 

For the Fourth Assessment report, a very large number of such simulations from 
dozens of climate models worldwide has been available to study past and future 
climate. The second figure illustrates that climate models, when including all 
important external influences, reproduce the observed evolution of global mean 
temperature over the 20**’ century very well (top diagram). They reproduce the 
observed episodes of warming and the cooling following volcanic eruptions 
(indicated by vertical bars). The range that is covered by these simulations 
indicates the effect of variability internal to the climate system. Individual 
simulations are very similar in appearance to the observed record. In contrast, if 
anthropogenic greenhouse gas and aerosol influence is not included in the 
models, they cannot reproduce the warming, particularly in the second half of the 
20**' century, as is illustrated in the bottom panel. 

However, we do not rely just on such an agreement to attribute observed climate 
change to causes. Instead, we use rigorous signal detection techniques to 
estimate the contribution of greenhouse gas increases to observed temperature 
changes, and rely on a careful examination of all plausible explanations of the 
observed warming including variability generated within the climate system. This 
is done by utilizing statistical methods to analyze the observed pattern of 
warming in space and time. Climate models are an important tool since they 
provide information about the "fingerprint” that different external influences are 
expected to have on climate. For example, volcanic eruptions are expected to 
cause short-term cooling. Changes in solar radiation cause warming throughout 
the lower and upper atmosphere, and follow the 1 1 -year cycle of solar variability. 
Changes in greenhouse gases cause global warming, with greater warming over 
land than oceans, warming in the lower atmosphere, and cooling in the 
stratosphere. Sulfate aerosol and other anthropogenic influences cause cooling 
which is strongest over industrialized regions, incorporating these effects into 
climate models enables one to develop a “fingerprint” of external influences on 
climate, and the statistical methodologies allow us to quantify the presence of 
such fingerprints in observations. Such studies allow for the possibility that the 
response to a forcing may be larger or smaller in observations than simulated in 
the models. 

Based on many studies it was found that the best explanation of the observed 
warming over the recent 50 years involves substantial greenhouse warming, 
some of which was counteracted by cooling influences from other anthropogenic 
sources, and a small influence of natural forcing such as changes in solar 
radiation and volcanism. We also concluded that it is very likely that greenhouse 
gases caused more warming over the recent 50 years than solar forcing. This 
assessment does not consider the fact that solar forcing is estimated to be much 
smaller, but only relies on the observed pattern of changes. 
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Based on a large body of such work, the IPCC chapter I coordinated, together 
with Dr. Zwiers (Director of the Climate Research Division of Environment 
Canada), concluded that “most of the observed increase in globally averaged 
temperatures since the mid-20*'^ century is very likely due to the observed 
increase in greenhouse gas concentrations,” The term “very likely” indicates an 
expert judgment, based on strong statistical evidence and physical 
understanding, and indicates that that there is more than a 9-in-10 chance that 
the statement is correct’ . This assessment conservatively accounts for remaining 
uncertainties, such as observational uncertainty, uncertainty in some external 
forcings and uncertainty in the estimates of the expected responses to external 
forcing. We also find that it is likely that greenhouse gas forcing alone would 
have caused more warming than observed because volcanic and anthropogenic 
aerosols have offset some warming that would have otherwise taken place. 

Such work on attributing observed changes to causes has been carried over to 
warming over individual continents with similar conclusions (Figure 3). Only 
model simulations with greenhouse gas forcing reproduce the observed warming 
over each continent (there was insufficient data to make such an assessment 
over Antarctica). The figure also indicates that over each continent, average 
temperatures are far from where they would be without greenhouse gas 
influences. The successful simulation of the different warming rates over different 
continents and land and ocean provides strong evidence for a human influence 
on climate. 


3. How do you expect future global temperatures to be affected by 
greenhouse gas emissions from human activity? 

Global temperatures will continue to increase, both due to the warming that is 
already “in the pipeline” and with further increases in greenhouse gases. 

Predictions of future warming are made using climate models that are forced with 
scenarios of future emissions. The predictions from the first two assessment 
reports, 1990 and 1996, can now be directly compared against actual observed 
temperature changes, and have proven to be quite realistic. Confidence in 
simulations is further enhanced by the very convincing simulation of 20**’ century 
temperature change in the ensemble of climate model simulations, as seen in 
figures 2 and 3 of my presentation. 

Future warming will not be small, since we have now more confident estimates of 
the equilibrium climate sensitivity, which is the eventual warming that would be 
expected to occur in response to a doubling of CO 2 in the atmosphere. It has 
been long believed, based on climate models, that this sensitivity is between 1.5 


‘ The IPCC uses calibrated language to describe the uncertainty on its assessments. For example, an 
assessment of “very likely” indicates a judgment, based on strong statistical evidence and physical 
understanding, that there are better than 9 chances in 10 that the assessed statement is correct. 
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and 4.5°C (2.7 to 8.1°F). We now have data from observations that confirm this 
range. The observed estimate comes from the climate response to volcanic 
eruptions, the range of climate sensitivity in climate models that makes these 
models skillful at simulating climate change for present day conditions and the 
Last Glacial Maximum, and, most importantly, from a comparison between 
simulated and observed changes over the 20"’ century. The most confident IPCC 
AR4 conclusion from this work is that the “climate sensitivity is very unlikely 
below 1 .5°C {2.7°F)’’. The most likely value was found to be about 3°C (5.4°F), 
and the likely range of climate sensitivity (i.e., the range that is expected to be 
correct with a probability of 66% or greater) is 2-4.5°C (3.6 to 8.1°F). This 
essentially rules out very small temperature changes in response to further 
increases in greenhouse gases. 

Future warming, particularly later in the 21rst century, depends on how C02and 
other radiative forcings develop in the future. For the lowest emission scenario 
considered, warming ranges between 1.1 and 2.9°C (2.0 to 5.2°F) by the end of 
the 21rst century, which is about 1.5 to 4 times the observed warming from 1906- 
2005 of 0.74°C. For a high emission scenario, the future warming is expected to 
be about 3-9 times the warming observed in the past 1 00 years. Note that the 
emission scenarios considered by the IPCC report do not include mitigation 
policies. 

Thus, I would like to summarize that direct observations find that global 
temperatures have warmed, that anthropogenic greenhouse gas increases have 
caused a very large part of this warming, and that we expect continued warming. 
We are very confident that the sensitivity of the climate system to greenhouse 
gas increases is not small. The amount of future warming depends on the 
emission path chosen by societies, and extends to a further warming that is 
much larger than the one we have already observed. 

On behalf of Duke University, I also want to communicate our willingness to work 
with you as you struggle with all of the hard issues associated with global 
warming. In the Nicholas Institute, we are building a one-of-a-kind conduit 
between the University and policymakers like you in collaboration with Duke 
faculty involved in all issues relating to climate change. 
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Introduction 

My name is Michael Oppenheimer. I am the Albert G. Milbank Professor of Geosciences 
and International Affairs at Princeton University, where my affiliations include the 
Department of Geosciences, the Woodrow Wilson School of Public and International 
Affairs, and the Princeton Environmental Institute. I have authored over 90 articles in 
peer-reviewed journals including papers on Earth’s atmosphere and ice sheets, climate 
change and its impacts on the environment, and policies for responding to climate 
change, in addition to basic atomic and molecular physics and astrophysics. I recently 
served on the National Research Council’s Panel on Climate Variability and Change. I 
am a lead author and contributing author to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC), and was a lead author or 
contributing author to various chapters of the Second and Third Assessment Reports of 
IPCC. Before assuming my current position at Princeton University, 1 was chief scientist 
for Environmental Defense. I am currently a science advisor to this group. Earlier, I held 
the position of atomic and molecular astrophysicist at the Harvard-Smithsonian Center 
for Astrophysics. 

I am grateful for the opportunity to testify before this committee on the subject of climate 
change. My testimony will address three questions posed by this committee, and my 
responses will be based on the Working Group I section of the Fourth Assessment Report 
of the IPCC, Climate Change 2007: The Physical Science Basis, as well as my own 
research and review of the literature. In addition, I will address the subject of ice sheets 
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and sea level rise which received considerable attention in the wake of the publication of 
the Summary for Policy Makers of the IPCC report. Finally, I will report some recent 
findings from the literature on the question of the time remaining to avoid levels of 
climate change that some research has characterized as “dangerous”. 

I want to emphasize that I am testifying in my capacity as an individual scientist, and not 
as an official representative of the IPCC or Princeton University. While I largely base 
my testimony on, and specifically cite, the recent IPCC report and other relevant 
literature, the conclusions drawn here are my own. 


Question 1: Are global temperatures increasing? 

The Fourth Assessment uses unusually definitive language in stating, “Wanning of the 
climate system is unequivocal, as is now evident from observations of increases in 
global average air and ocean temperatures, widespread melting of snow and ice, and 
rising global mean sea level”. It is noteworthy that evidence for a pervasive global 
warming since the mid- 19* century comes not only from surface temperature 
measurements but also from temperatures inferred from measurements aloft, 
temperatures at and beneath the ocean surface, and temperature trends on six of the seven 
continents (excluding Antarctica). Furthermore, IPCC points to the broad response of the 
Earth system as a whole as evidence of the warming, most particularly the decline of 
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snow and ice cover including the shrinkage of glaciers, and global sea level rise of 5 to 9 
inches over the 20* century. 

(To put the rate of sea level rise in perspective, I would like to point to estimates that 
along typical sandy stretches of the US east coast, a one-foot sea level rise leads to about 
100 feet of land loss by erosion and submergence [1]). 

Most striking is the finding that rates of warming and sea level rise have both accelerated. 
The warming trend over the last 50 years, about a quarter of a degree Fahrenheit per 
decade, is nearly twice that for the last 100 years. Furthermore, the report notes, “There 
is high confidence that the rate of observed sea level rise increased from the 19th to the 
20th century”. The rate of rise from 1993 to 2003 is about 70% greater than that from 
1961 to 2003, although there is uncertainty over whether the rapid rate of rise will persist, 
decrease, or increase. 

Another striking finding is that, unexpectedly, the major ice sheets in Greenland and 
Antarctica (particularly the West Antarctic ice sheet) are both shrinking. The report notes 
that losses from the ice sheets of Greenland and Antarctica have very likely contributed 
to sea level rise over 1993 to 2003 (about 15% of the total sea level rise observed over 
that period, but with a large uncertainty). More recent research than that included in the 
IPCC report suggests the rate of ice sheet loss has continued to accelerate [2]. 
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It is particularly noteworthy that the report firmly dispensed with some earlier assertions 
which have sometimes been misused in the public debate on global wanning. Among 
these were the attribution of the global warming trend to the heat island effect; an 
apparent discrepancy between temperatures inferred from balloon-borne and satellite 
measurements of the lower- and mid-troposphere and the surface temperature record; 
doubts that water vapor, a key amplifier of warming, is indeed building up in the 
atmosphere; and the notion that the rate of sea level rise has been constant for many 
centuries. 

To summarize in mv own words: Global temperatures are certainly increasing, the 
warming and associated sea level rise have accelerated, and a pervasive global climate 
change is well underway. 

Question 2: If global temperatures are increasing, to what extent is the increase 
attributable to greenhouse gas emissions from human activity, as opposed to natural 
variability or other causes? 

IPCC also reached a very strong conclusion on this point: “Most of the observed increase 
in globally averaged temperatures since the mid-20th century is very likely due to the 
observed increase in anthropogenic greenhouse gas concentrations”. The IPCC report 
emphasizes that the human influence now has been discerned in specific aspects of 
climate, including ocean temperatures, continental-average temperatures, temperature 
extremes and wind patterns. A significant human influence over temperatures has likely 
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been discerned for all continents but Antarctica. “Temperatures of the most extreme hot 
nights, cold nights and cold days are likely to have increased due to anthropogenic 
forcing. It is more likely than not that anthropogenic forcing has increased the risk of heat 
waves”. 

These findings come from two sources. Most important are statistical comparisons of the 
geographic pattern of temperature and other climate changes, and their evolution over 
time, with patterns produced by computer models. Such models estimate changes in the 
climate system that should have occurred as greenhouse gas levels increased over time. 
These are compared with modeled estimates of the effect of natural climate variability, 
and the effects of changes in the sun and volcanic emissions, that is, temperature changes 
that might have occurred absent the greenhouse-gas increase. Such comparison allows the 
effect of natural variability, the sun, and volcanoes to be separated from the effect of the 
greenhouse gases. 

Another source of information is analysis of so-called paleo-climate proxies, indirect 
indicators of climate that are used to infer temperature changes for periods before a 
reliable thermometer record is available. These include data retrieved from ice and 
sediment cores, tree rings, and pollen. Temperatures inferred using such methods have 
greater uncertainty than direct measurements. Nevertheless, IPCC reached certain key 
conclusions with increased confidence since its last assessment. Among these, I cite two 
verbatim: 
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• Average Northern Hemisphere temperatures during the second half of the 20th 
century were very likely higher than during any other 50-year period in the last 
500 years and likely the highest in at least the past 1300 years. 

• The last time the polar regions were significantly warmer than present for an 
extended period (about 125,000 years ago), reductions in polar ice volume led to 
4 to 6 metres (about 13 to 20 feet) of sea level rise. 

I shall return to discuss the broad implications of the second point later in this testimony. 

IPCC’s judgments on likelihood take into account uncertainties inherent in both methods. 
For example, it is not possible at this time to ascribe small-scale climate changes, i.e., 
those taking place over distances smaller than a continent, to the greenhouse gas buildup. 

Once again, the IPCC sought to put to rest two issues that have clouded the public 
discussion of climate change. It has often been asked why warming occurred in the early 
20* century before the bulk of human emissions of the greenhouse gases occurred. IPCC 
states that “it is likely that anthropogenic forcing (i.e., the human-made climate-changing 
effect of greenhouse gases) contributed to the early 20th century warming evident in 
these records”. Changes in volcanic emissions and solar radiation also made significant 
contributions to the earlier wanning. Second, IPCC notes that between 1750 and today, 
changes in the sun contributed less than 10% of the climate forcing due to human 
activities. 
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To summarize in mv own words: It is very likely that most of the recent climate change is 
attributable to human activities, particularly emissions of greenhouse gases and aerosol 
particles. Natural climate variability and changes in the sun and volcanic emissions 
have played a lesser role. 

Question 3: How do you expect future global temperatures to be affected by 
greenhouse gas emissions from human activity? 

Obviously, answers to questions about the future are attended by much greater 
uncertainty than those about the past. Projections of future global temperatures depend 
on the sensitivity of the climate and the amount of greenhouse gases emitted. The Fourth 
Assessment provides improved guidance on the question of climate sensitivity, which is 
defined as the response of global average temperature to a doubling of carbon dioxide 
levels in the atmosphere; 

• Climate sensitivity is likely to be in the range 3.6 to 8. 1 degrees Fahrenheit with a 
best estimate of about 5.4 degrees, and is very unlikely to be less than 2.7 degrees. 

• Values substantially higher than 8. 1 degrees Fahrenheit cannot be excluded. 

Future emissions depend on the size of Earth’s population, the state of economic 
development, and technologies employed and lifestyles pursued. What sort of motor 
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vehicles, if any, will be dominant a century from now? How many will be owned by a 
typical family in the US? In China? What sorts of engines and fuels will power them? 
How efficient in their use of fuels will they be? How far will they be driven in a typical 
year? This is only one set of questions that must be answered to project futures emissions. 
Obviously, there is a range of plausible responses, and these are captured by IPCC in 
emissions scenarios reported in its Special Report on Emissions Scenarios. 

These scenarios indicate that the carbon dioxide concentration in the atmosphere will 
approach or exceed a doubling in this century absent policies to limit emissions. 
Furthermore, Earth’s warming is delayed by the slow heating of the oceans. Accounting 
for these factors, models project a warming of 2 to 11.5 degrees Fahrenheit during the 
21“ century. If emissions are low (which is more likely to occur with explicit global 
policies to reduce emissions) a warming of 2-5.2 degrees Fahrenheit is expected. If very 
fast and sustained emissions growth occurs with no restrictions, warming of 4,3-1 1.5 
degrees Fahrenheit is expected. Many intermediate scenarios are plausible, producing 
intermediate ranges. 

Let me emphasize two points: 

• A larger warming than these global mean values is expected over land and at high 
northern latitudes, such as the upper plains and upper Midwest regions of the US. 
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• Some additional warming above today’s temperatures is inevitable both due to 
gases already emitted and because an overnight turn-around in emissions is not 
possible. 

Combined with the findings of others studies, the IPCC projections indicate that the 
warming would likely be larger and occur faster than any global temperature change in 
the history of civilization, and this is potentially the case even if emissions are reduced 
promptly. If instead emissions occur at the high end of projections and climate 
sensitivity is high, the scale and scope of change would be unprecedented in millions and 
perhaps tens of millions of year, and, in my personal view, would be disastrous. 

Global climate change accompanying projected warming will be sweeping. Among the 
changes projected by IPCC are: 

• It is very likely that hot extremes, heat waves, and heavy precipitation events will 
continue to become more frequent. 

• It is likely that future tropical cyclones (typhoons and hurricanes) will become 
more intense. 

• Sea level would continue to rise for centuries. 
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To summarize in mv own words: During this century, global mean temperatures are 
expected to increase by amounts that are larger and occur faster than any in the history 
of civilization and reach levels perhaps not seen in tens of millions of years when ice 
sheets were much reduced and sea level was much higher than today. The temperature 
change would be largest on land and at high latitudes, broadly affecting key aspects of 
the climate system and remaking the face of the Earth. 

Sea Level Change and the Ice Sheets 

The greatest impact of wanning to the US and many other areas may come from rising 
seas, but estimating future sea level rise has proven difficult for both the 21st century and 
for the longer term. The key uncertainty lies in how the ice sheets in Greenland and 
Antarctica will behave as Earth warms. The Greenland ice sheet contains an equivalent 
of about 23 feet of sea level rise and the West Antarctic section of the Antarctic ice sheet, 
the part of the larger ice sheet thought most vulnerable to warming, alone contains an 
equivalent of about 17 feet of sea level rise. 

Rapid collapse of small, floating ice shelves in West Antarctica has been followed by 
unexpected acceleration into the sea of the land-based ice in back of the ice shelves, 
adding to sea level rise. The Greenland ice sheet has also experienced unexpected 
dynamical changes as “outlet” glaciers terminating in the sea, as well as other parts of the 
ice sheet have accelerated, doubling the contribution to sea level rise since the early 
1990s due to melting alone. 


12 



86 


The unfortunate truth of the matter is that, in contrast to success of projections of 
atmospheric warming, no computer models exist that can reproduce the recent changes in 
the ice sheets, called “dynamical” because they involve ice flowing into the sea rather 
than merely ice melting away. Consequently no reliable basis exists for projecting the 
future of the ice sheets. The failure of models is particularly stark for Antarctica because 
there the models had projected a significant growth in the ice sheet due to increased 
precipitation from the warming global atmosphere. Instead, the Antarctic ice sheet as a 
whole probably has lost rather than gained ice recently largely due to rapid losses in the 
Amundsen Sea region of West Antarctica. 

Faced with this uncertainty, IPCC projects 7 to 15 inches of sea level rise for this century 
if emissions are low, and 10 to 24 inches if emissions are high, excluding future rapid 
dynamical changes in ice flow (emphasis mine). In other words, these estimates assume 
that the rates of loss of ice from Greenland and Antarctica will not continue to accelerate. 
Surely this is an optimistic assumption [3], and IPCC recognized as much in providing 
some additional scenarios (from among many plausible ones) of additional dynamical 
change that produce higher sea level rise. 

These problems make the projection of long term changes beyond the 2C* century even 
more complex. But IPCC did provide important information relevant to this question; 
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• Global average sea level in the last interglacial period (about 125,000 years ago) 
was likely 13 to 20 feet higher than during the 20th century, mainly due to the 
retreat of polar ice. Ice core data indicate that average polar temperatures at that 
time were 5 to 9 degrees Fahrenheit higher than present. . . 

I would like to point out that a future global warming of only 3- 4 degrees Fahrenheit 
may be sufficient to cause 5 degrees of polar warming. Disintegration of much of the 
Greenland and part of the West Antarctic ice sheet may follow. Paleo-climate studies 
reported in the literature provide little guidance on the possible rate of sea level rise for 
such warming. One study does suggest that rates could have approached 3 feet per 
century as sea level rose to 1 3-20 feet above the current level [4], a point not noted in the 
IPCC Summary for Policy Makers. Such rates could reasonably be characterized as 
catastrophic for many regions if they occurred again in the future. 

To address this point further, I paraphrase IPCC; 

• Current models suggest that a global warming of 2.2 to 7 degrees Fahrenheit from 
present, if sustained for millennia, would lead to virtually complete elimination of 
the Greenland ice sheet and a resulting contribution to sea level rise of about 7 m. 

It is interesting that the conclusions from the models and the conclusions from paleo- 
climate data are similar in foreseeing large scale polar ice loss with temperature changes 
that are less than or comparable to what may occur over this century. The nub of the 
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problem is whether we can trust the models in their claim that it would take millennia for 
the Greenland ice sheet to disintegrate once the process begins. Based on the fact that 
these very same models are not capable of reproducing recent dynamical ice loss, and 
that dynamical processes are an important control on the rate of disintegration, I conclude 
that we cannot trust the mode! estimate of a millennial timescale. It is entirely plausible 
that loss of large parts of the polar ice sheets, and a very large sea level rise over the 
course of several hundred years, rather than over millennia, would occur once the world 
warms as little as 3-4 degrees Fahrenheit above the present global mean temperature. 

The models also assign little role to the West Antarctic ice sheet in the sea level rise for 
such modest warming. But the paleo-climate data indicate Antarctica likely played a role 
along with Greenland in causing the 1 3 to 20 foot rise of the distant past [4]. 

Accordingly, based on both recent observations and the distant past, the models have 
little credibility in their projections of the rate of ice loss from Antarctica, particularly the 
West Antarctic ice sheet. 

Implications for Policy 

Given that a warming of 3-4 degrees Fahrenheit above the present global mean may 
represent a plausible limit for avoiding “dangerous” climate changes [5], what does such 
a limit imply for actions to reduce emissions? This issue goes beyond the remit of IPCC 
Working Group I, so I will draw on the peer reviewed literature directly. The answer is 
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that the chances of avoiding such a warming appear to be less than 50-50 if atmospheric 
concentrations of carbon dioxide are permitted to exceed 450ppm [6]. 

Unless the growth in global emissions is reduced soon, first through reductions in 
emissions in developed countries like the United States, later by measures in developing 
countries, global temperature is likely eventually to climb above the 3-4 degree 
Fahrenheit limit. Then the ice sheets may gradually shrink, causing sea level to rise 13 to 
20 feet, possibly over as brief a period as several centuries. And if the warming were 
allowed to continue, that would be only the beginning of a process that would eventually 
lead to total loss of both the Greenland and West Antarctic ice sheets, and a much larger 
sea level rise. 

Only prompt and sizable reductions in global emissions, hopefully carried out with the 
leadership of the United States, and in collaboration with other large emitters such as the 
EU, Japan, China, and India, would avoid such an eventuality. I point to the five-, ten-, 
and fifteen-year mandatory emission reduction targets embodied in the proposal from 
USCAP [7] as plausible initial steps to meeting this challenge. 

There are many areas of scientific research where additional federal support is sorely 
needed, even while emissions reductions are being implemented. Clearly, one of the 
highest priorities ought to be developing a new generation of computer models of Earth’s 
ice sheets. 
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It is apparent to me, and I hope to everyone else, that the US and all other countries ought 
to prepare to deal with a warmer world in any event. It is even more important to note 
that the window of opportunity to avoid potentially disastrous outcomes may be closing 
fast. 


Thank you. 
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Summary of Major Points — Testimony of James W. Hurrell — March 7, 2007 
Are global temperatures increasing? 

The iconic statement from the observations chapter of the IPCC Fourth Assess- 
ment Report (AR4) is the “warming of the climate system is unequivocal.” This is 
based on an increasing number of many independent observations that give a con- 
sistent picture of a warming world. A limited sample of the evidence includes: 

• Average global surface temperature has warmed over the last 50 years, with 
a greater rate of 0.175C (0.38F) per decade since 1979. 

• Global average sea surface temperatures have warmed 0.355C (0.68F) since 
1979. 

• Global sea level has risen at a rate of 0.31 cm per year since 1993. 

• Arctic summer sea-ice extents and Northern Hemisphere snow cover have de- 
creased, and permafrost layer temperatures have increased since the 1980’s. 

• The number of heat waves globally has increased, and there have been wide- 
spread increases in the numbers of warm nights. Frost days are rarer. 

To what extent is the increase attributable to greenhouse gas emissions from 
human activity as opposed to natural variability or other causes? 

Climate model simulations have now reliably shown that global surface warming 
of recent decades is a response to the increased concentrations of greenhouse gases 
and sulfate aerosols in the atmosphere. When the models are run with natural forc- 
ing changes alone, they fail to capture the large increase in global surface tempera- 
tures over the past 25 years. Moreover, the spatial pattern of observed warming, 
which includes greater warming over land than over the ocean, is only simulated 
by models that include anthropogenic forcing. Discernible human influences now ex- 
tend to other aspects of the climate as well, including ocean warming, continental- 
average temperatures, temperature extremes, and changes in precipitation. 

How will future global temperatures be affected by greenhouse gas emissions from 
human activity? 

The ability of climate models to simulate the past climate record gives us in- 
creased confidence in simulations of the future. Some major conclusions from the 
IPCC AR4 are: 

• The rate of the projected global warming is near 0.2 Celsius per decade 
through 2030 regardless of the emission scenario. Likewise, warming and significant 
changes in precipitation will continue over each inhabited continent. 

• By the middle of the 21st century the choice of scenario becomes more impor- 
tant. 

• Continued greenhouse gas emissions at or above current rates would very like- 
ly induce many changes in climate much larger than those observed to date. 

• Snow cover and sea ice coverage are projected to contract. 

• It is very likely that hot extremes, heat waves, and heavy precipitation events 
will continue to become more frequent. 

• Even if greenhouse gas concentrations were to be stabilized, anthropogenic 
warming and sea level will continue for centuries. 
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Introduction 

I thank Chairman Boucher, Ranking Member Hastert, and the other Members of the 
Subcommittee for the opportunity to speak with you today on observed and likely future 
changes in climate and the contribution from human activity to those changes. My name 
is James W. Hurrell. I am a Senior Scientist at the National Center for Atmospheric 
Research in Boulder, Colorado, where I am also the Director of the Climate and Global 
Dynamics Division. My personal research has centered on empirical and modeling 
studies and diagnostic analyses to better understand climate, climate variability and 
climate change. I have authored or co-authored nearly 70 peer-reviewed scientific journal 
articles and book chapters, as well as dozens of other planning documents and workshop 
papers. I have given more than 75 invited talks worldwide, as well as many contributed 
presentations at national and international conferences on climate. I have also convened 
over one dozen national and international workshops, and I have served on several 
national and international science-planning efforts. Currently, I am extensively involved 
in the World Climate Research Programme (WCRP) on Climate Variability and 
Predictability (CLIVAR). I am the former co-chair of Scientific Steering Committee of 
U.S. CLIVAR, and I am the current co-chair of the Scientific Steering Group of 
International CLIVAR. I have also been involved in the assessment activities of the 
Intergovernmental Panel on Climate Change (IPCC) as a contributing author to chapters 
in both the Third and Fourth Assessment Reports, and I have served on several National 
Research Council (NRC) panels. I was a lead author on the U.S. Climate Change Science 
Program’s (CCSP) Synthesis and Assessment Product on Temperature Trends in the 
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Lower Atmosphere, and I am currently serving on a NRC committee tasked to provide 
strategic advice to the CCSP. 

Throughout this testimony I will refer extensively to the IPCC. Briefly, the IPCC is 
convened by the United Nations jointly under the United Nations Environment 
Programme (UNEP) and the World Meteorological Organization (WMO). Its mandate is 
to provide policymakers with an objective assessment of the scientific and technical 
information available about climate change, its environmental and socio-economic 
impacts, and possible response options. The IPCC reports on the science of global 
climate change and the effects of human activities on climate. It does not do or manage 
research. It has provided policymakers assessment reports since 1990, and the Fourth 
Assessment Report (AR4) is being released this year. Each IPCC report reviews all the 
published literature over the previous 5 years or so, and assesses the state of knowledge, 
while trying to reconcile disparate claims, resolve discrepancies and document 
uncertainties. The IPCC assessments are produced through a very open and inclusive 
process. The volunteer authorship of the AR4 in Working Group I (WGI) includes 1 52 
lead authors and over 400 contributing authors from over 130 countries. In addition, there 
were more than 30,000 comments from over 600 reviewers, as well as formal coordinated 
reviews by dozens of world governments, including the U.S. All review comments must 
be addressed, and review editors are in place for each chapter of the report to ensure that 
this is done in a satisfactory and appropriate manner. 

In today’s testimony I have been asked to address three specific questions, all related 
to surface temperature. My answers to each will draw upon the same literature assessed 
by IPCC WGI, and they will reference several of the major conclusions highlighted in the 
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WGI Summary for Policymakers (SPM) released 2 February, 2007 in Paris, France. The 
WGI is tasked with appraising how and why the climate has changed, including the role 
of human activity, and it assesses projections of future climate change based upon various 
emission scenarios. The other two IPCC Working Groups deal with impacts of climate 
change, vulnerability, and options for adaptation and mitigation, including possible 
policy options. 

Are global temperatures increasing? 

Analyses of instrumental measurements of surface temperature averaged across the 
globe reveal a warming rate of about 0.1 7°C (0.3“F) per decade since 1979, and 1 1 of the 
last 12 years rank among the 12 warmest years since 1850 (1996 being the exception). 
Since the release of the IPCC Third Assessment Report (TAR) in 2001, the four years of 
2002-2005 were the warmest in the historical record behind only 1 998 (when a strong El 
Nino event enhanced the warming). The 2006 average global surface temperature is near 
the average of the past five years, and it was the warmest on record over the United 
States. Global land regions have warmed the most (0.7°C or 1.3°F) since 1979, with the 
greatest warming in the boreal winter and spring months over the Northern Hemisphere 
(NH) continents. The updated 100-year linear trend (1906-2005) of 0.74°C (1.4“F) is 
therefore larger than the corresponding trend for 1901-2000 given in the TAR of 0.6°C. 
Over the last 50 years, the rate of warming is nearly double that of the 100-year trend. 

There is a very high degree of confidence in the global surface temperature values and 
the change estimates. Independent teams of scientists have laboriously analyzed and 
improved the historical surface temperature data, and trend estimates from the different 
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groups are very similar over all time periods. The maximum difference, for instance, 
among three independent estimates of global surface temperature change since 1979 is 
0.0 1°C per decade. Spatial coverage has improved, and daily temperature data for an 
increasing number of land stations have also become available, allowing more detailed 
assessments of extremes, as well as potential urban influences on both large-scale 
temperature averages and microclimate. It is well documented, for instance, that urban 
heat island effects are real, but very local, and they have been accounted for in the 
analyses: the urban heat island influence on continental, hemispheric and global average 
trends is at least an order of magnitude smaller than decadal and longer timescale trends. 

There is no urban heat bias in the sea surface temperature (SST) record. Over the 
global oceans, surface temperatures have warmed 0.35‘’C {0.6°F) since 1979, and the 
warming is strongly evident at all latitudes over each of the ocean basins. Moreover, the 
warming is evident at depth as well. Since 1961, for instance, the average temperature of 
global ocean water has increased from the surface to depths of at least 3000 m, indicating 
that the ocean is absorbing most of the heat being added to the climate system. 

The ocean warming causes seawater to expand and, thus, contributes to sea level rise. 
Instrumental measurements of sea level indicate that the global average has increased 
0.18 cm per year since 1961, with a faster rate of 0.31 cm per year since 1993. Over the 
last century, global sea level rose approximately 17 cm. While much (60%) of this rise is 
due to thermal expansion, there are other sources of increased ocean volume, including 
melting from glaciers and ice caps. New satellite data records over the past decade also 
indicate that mass losses from the ice sheets of Greenland and Antarctica have also likely 
contributed to global sea level rise, but only recently. In addition, flow speed has recently 
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increased for some Greenland and Antarctic outlet glaciers, which drain ice from the 
interior. Notably, the observation of consistent sea level rise is powerful evidence that the 
globe has warmed: there is no other explanation. 

The aforementioned changes in global average surface temperature, SST and sea level 
do not imply, however, that changes are uniform around the globe. There are notable 
regional and seasonal variations, especially over relatively short time periods (year-to- 
year and even decade-to-decade). Regional differences in SST change arise, for instance, 
from natural variability and other factors. One example is the very strong warming of the 
central and eastern tropical Pacific Ocean that occurs during El Nino events. These events 
also produce regional ocean cooling over portions of the subtropics and the tropical 
western Pacific. Over the Atlantic, the average basin-wide warming is imposed on top of 
strong, natural variability on multi-decadal time scales. The level of natural variability, in 
contrast, is relatively small over the tropical Indian Ocean, where the surface warming 
has been steady and large over recent decades. These important differences in regional 
rates of surface ocean warming also affect the atmospheric circulation, producing 
changes in the atmospheric flow so that some regions warm more than others, while other 
regions cool, especially over periods of years or even decades. Yet, numerous changes in 
regional climate have been observed that are consistent with longer-term surface 
warming. 

Snow cover has decreased in many NH regions, particularly in the spring season, and 
this is consistent with greater increases in spring than autumn surface temperatures in 
middle latitude regions. Sea-ice extents have decreased in the Arctic, particularly in the 
spring and summer seasons (7.4% per decade decrease since 1978), and this is consistent 
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with the fact that the average annual Arctic temperature has increased at almost twice the 
global average rate. Arctic sea-ice extents were at record low values in 2005, which was 
also the warmest year since records began in 1850 for the Arctic north of 65°N. There 
have also been decreases in sea-ice thickness. Temperatures at the top of the permafrost 
layer in the Arctic have increased since the 1980s (up to 3°C locally), and the maximum 
area covered by seasonally frozen ground has decreased by about 7% in the NH since 
1900, with an even greater decrease in the boreal spring. There has been a reduction of 
about two weeks in the annual duration of northern lake and river ice cover. 

In contrast to the Arctic, there is no significant trend in Antarctic sea ice since the end 
of the 1 970s, which is consistent with the lack of a trend in surface temperature south of 
65°S over that period. However, the warming of the Peninsula region since the early 
1950s is one the largest and the most consistent warming signals observed anywhere in 
the world. Large reductions in sea-ice have occurred to the west in the Bellingshausen 
Sea, and on the eastern side of Peninsula, and large reductions in the size of Larsen Ice 
shelf have occurred. 

For any change in mean temperature, there is likely to be an amplified change in 
extremes. Extreme events, such as heat waves, are exceedingly important to both natural 
systems and human systems and infrastructure. We are adapted to a range of natural 
weather variations, but it is the extremes of weather and climate that exceed tolerances. 
Widespread changes in temperature extremes have been observed over the last 50 years. 
In particular, the number of heat waves globally has inereased, and there have been 
widespread increases in the numbers of warm nights. Cold days, cold nights and days 
with frost have become rarer. 
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Long-term changes in upper-air temperatures are less certain than those at the surface. 
This is because of sparser spatial coverage and fewer observations overall, significant and 
fi-equent changes in instrumentation, and difficulties adjusting and merging different 
satellite records, among other factors that make the creation of long-term, homogenous 
upper-air temperature records difficult. Nevertheless, available measurements indicate 
global average warming in both the lower and the middle troposphere that is broadly 
consistent with the observed surface temperature change, largely reconciling a 
discrepancy that was noted in the TAR. A warmer atmosphere can also hold more water 
vapor, and indeed the average atmospheric water vapor content has increased since at 
least the 1980s over both land and ocean. For example, total column water vapor has 
increased over the global oceans by 1 .2% per decade since 1 988, consistent in pattern and 
amount with observed changes in SST and a fairly constant relative humidity. Increases 
in water vapor also mean that there is a greater supply of atmospheric moisture to storms; 
in fact, increases in moderate to heavy precipitation events have been observed over most 
land areas in recent decades. 

Finally, paleoclimate data put the instrumental record into a much longer-term 
perspective. Based on reconstructions of temperature from proxy data, like tree rings, 
boreholes and ice cores, average NH temperatures over the last 50 years were very likely’ 
higher than any other 50-year period in the last 500 years, and they were likely the 
highest in the past 1,300 years. These conclusions, articulated in the IPCC AR4, are also 
consistent with the principal findings of an independent study by the NRC in 2006. The 
task of the NRC committee, which was formed in response to a Congressional request, 

' The IPCC AR4 defines the term “very likely” as the likelihood of a result exceeding 90%, and the term 
“likely” as exceeding 66%. 
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was to assess the state of scientific efforts to reconstruct surface temperature records for 
the Earth over approximately the last 2,000 years. 

In summary, there are an increasing number of many independent observations that 
give a consistent picture of a warming world. Such multiple lines of evidence, the 
physically consistency among them, and the consistency of findings among multiple, 
independent analyses, form the basis for the iconic phrase of the observations chapter in 
the AR4 assessment: namely, that the “warming of the climate system is unequivocal”. 

If global temperatures are increasing, to what extent is the increase attributable to 
greenhouse gas emissions from human activity as opposed to natural variability or 
other causes? 

To assess the causes of climate change, the IPCC first considers all the possible agents 
of climate change (forcings), both natural and from human activities. It also assesses the 
capabilities of climate models to simulate the past climate, given both the observations 
and estimates of past forcings, and the climate changes. Given good replications of the 
past, the forcings can be inserted one by one to disassemble their effects and allow 
attribution of the observed climate change to the different forcings. 

Therefore, climate models are a key tool to evaluate the role of various forcings in 
producing the observed changes in global temperature. The best climate models 
encapsulate the current understanding of the physical processes involved in the climate 
system, the interactions, and the performance of the system as a whole. They have been 
extensively tested and evaluated using observations. They are exceedingly useful 
instruments for carrying out numerical climate experiments, but they are not perfect, and 
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some models are better than others. Uncertainties arise from shortcomings in our 
understanding of climate processes operating in the atmosphere, ocean, land and 
cryosphere, and how to best represent those processes in models. Yet, in spite of these 
uncertainties, today’s best climate models are now able to reproduce the climate of the 
past century, and simulations of the evolution of global surface temperature over the past 
millennium are consistent with paleoclimate reconstructions. 

As a result, climate modelers are able to test the role of various forcings in producing 
observed changes in climate, for instance over the past century. Forcings imposed on the 
climate system can be natural in origin, such as changes in solar luminosity or volcanic 
eruptions, the latter adding considerable amounts of aerosol to the upper atmosphere for 
up to two years. Human activities also increase aerosol concentrations in the atmosphere, 
mainly through the injection of sulfur dioxide from power stations and through biomass 
burning. A direct effect of sulfate aerosols (small milky white particles readily seen from 
airplane windows) is the reflection of a fraction of solar radiation back to space, which 
tends to cool the Earth’s surface. Other aerosols (like soot) directly absorb solar radiation 
leading to local heating of the atmosphere, and some absorb and emit infrared radiation. 
A further influence of aerosols is that many act as nuclei on which cloud droplets 
condense, affecting the number and size of droplets in a cloud and hence altering the 
reflection and the absorption of solar radiation by the cloud. The precise nature of 
aerosol/cloud interactions and how they interact with the water cycle remains a major 
uncertainty in our understanding of climate processes. Because man-made aerosols are 
mostly introduced near the Earth’s surface, they can be washed out of the atmosphere by 
rain. They therefore typically remain in the atmosphere for only a few days, and they tend 
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to be concentrated near their sources such as industrial regions. Therefore, they affect 
climate with a very strong regional pattern and usually produce cooling. 

In contrast, greenhouse gases such as carbon dioxide and methane are not washed out, 
so they have lifetimes of decades or longer. As a result, with continued emissions, they 
build up in amounts over time, as has been observed. Greenhouse gas concentrations in 
the atmosphere have increased markedly as a result of human activities since 1750, and 
they are now higher than at any time in at least the last 650,000 years. It took at least 
10,000 years from the end of the last ice age for levels of carbon dioxide to increase 100 
parts per million (ppm) by volume to 280 ppm, but that same increase has occurred over 
only the past 150 years to current values near 380 ppm. About half of that increase has 
occurred over the last 35 years, owing mainly to combustion of fossil fuels and changes 
in land use, and the carbon dioxide concentration growth-rate was larger during the last 
decade than it has been since the beginning of continuous direct measurements in the late 
1950s. In the absence of controls, future projections are that the rate of increase in carbon 
dioxide amount may accelerate, and concentrations could double from pre-industrial 
values within the next 50 to 100 years. Similarly, owing predominantly to agriculture and 
fossil fuel use, the global atmospheric concentration of methane has increased from a pre- 
industrial value of 715 part per billion (ppb) by volume to 1774 ppb in 2005, although 
growth rates have declined since the early 1990s, consistent with total emissions (sum of 
natural and anthropogenic sources) being nearly constant over this period. Global nitrous 
oxide concentrations have increased significantly from pre-industrial values as well. 
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Together, the combined radiative forcing^ from these three greenhouse gases is +2.3 
Watts per square meter (W m‘^), relative to 1750, which dominates the total net 
anthropogenic forcing (+1.6 W m‘^). The total net anthropogenic forcing includes 
contributions from aerosols (a negative forcing) and several other sources, such as 
tropospheric ozone and halocarbons. 

Climate model simulations that account for such changes in forcings have now 
reliably shown that global surface warming of recent decades is a response to the 
increased concentrations of greenhouse gases and sulfate aerosols in the atmosphere. 
When the models are run without these forcing changes, the remaining natural forcings 
and intrinsic natural variability fail to capture the almost linear increase in global surface 
temperatures over the past 25 years or so. But when the anthropogenic forcings are 
included, the models simulate the observed global temperature record with impressive 
fidelity (Figure 1), Changes in solar irradiance since 1750 are estimated to have caused a 
radiative forcing of +0.12 W m'^, mainly in the first part of the 20* Century, and this 
cannot explain the recent warming. Prior to 1979 when direct observations of the sun 
from space began, changes in solar irradiance are more uncertain, but it is well 
established that the sun has not caused warming since 1979. Moreover, the models 
indicate that volcanic and anthropogenic aerosols have offset some of the additional 
warming that would have resulted from observed increases in greenhouse gas 
concentrations alone. 


2 

Radiative forcing is a measure of the influence that a factor has in altering the balance of incoming and 
outgoing energy in the Earth-atmosphere system and is an index of the importance of the factor as a 
potential climate change mechanism. Positive forcing tends to warm the surface while negative forcing 
tends to cool it. 
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A significant advancement since the TAR is that a larger number of simulations 
available from a broader range of models allows for a more definitive evaluation of the 
role of various forcings in producing not only changes in global average temperature, but 
also changes in continental and ocean basin scale temperatures, sea level, and changes in 
extreme events such as frost days and heat waves. The patterns of warming over each 


Global and Continental Temoerature Chanqe 



FIGURE 1. Comparison of observed continental- and global-scale changes in surface 
temperature with results simulated by climate models using natural and anthropogenic 
forcings. Decadal averages of observations are shown for the period 1906-2005 (black 
line) plotted against the center of the decade and relative to the corresponding average 
for 1901-1950. Lines are dashed where spatial coverage is less than 50%. Blue shaded 
bands show the 5-95% range for 19 simulations from 5 climate models using only the 
natural forcings due to solar activity and volcanoes. Red shaded bands show the 5-95% 
range for 58 simulations from 14 climate models using both natural and anthropogenic 
forcings. The figure is taken from the IPCC AR4 WGI Summary for Policymakers (2007). 
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continent except Antarctica and each ocean basin over the past 50 years, including greater 
warming over land than over the ocean, and their changes over time, are only simulated 
by models that include anthropogenic forcing. Attribution studies have also demonstrated 
that many of the observed changes in indicators of climate extremes consistent with 
warming, including the annual number of frost days, warm and cold days, and warm and 
cold nights, have likely occurred as a result of increased anthropogenic forcing. In other 
words, many of the recently observed changes in climate are now being simulated in 
models. 

The ability of coupled climate models to simulate the temperature evolution on 
continental scales, and the detection of anthropogenic effects on each continent except 
Antarctica, provides even stronger evidence of human influence on the global climate 
than was available to the TAR. No climate model that has used natural forcing only has 
reproduced either the observed global mean warming trend or the continental mean 
warming trends. Attribution of temperature change on smaller than continental scales and 
over time scales of less than 50 years or so has not yet been established mainly because 
of the much larger natural variability on smaller scales. 

Another powerful test of coupled climate models is their ability to simulate climate of 
the more distant past, such as conditions of the Last Glacial Maximum (order 20,000 
years ago) and the relatively warm Mid-Holocene (5,000 years ago). While many aspects 
of these past climates remain uncertain, key features have been reproduced by climate 
models using estimated surface conditions and radiative forcing for those periods. A 
substantial fraction of the reconstructed NH interdecadal temperature variability of the 
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last 500 years, for instance, is very likely attributable to natural external forcing from 
changes in the sun and effects of volcanic events. 

Such results increase our confidence in the observational record and our understanding 
of how temperature has changed. They also mean that the time histories of the important 
forcings are reasonably known (for instance, Beryllium isotope measurements can be 
used to estimate long-term changes in solar output through changes in cosmic radiation) 
and that the processes being simulated models are adequate enough to make the models 
very valuable tools. 

How will future global temperatures be affected by greenhouse gas emissions from 
human activity? 

The ability of climate models to simulate the past climate record gives us increased 
confidence in their ability to simulate the future. We can now look back at projections 
from earlier IPCC assessments and see that the observed rate of global warming since 
1 990 (about 0.2°C per decade) is within the projected range (0. 1 5°C- 0.30°C per decade). 
Moreover, the attribution of the recent climate change to increased concentrations of 
greenhouse gases in the atmosphere has direct implications for the future. Because of the 
long lifetime of carbon dioxide and the slow equilibration of the oceans, there is a 
substantial future conunitment to further global climate change even in the absence of 
further emissions of greenhouse gases into the atmosphere. Several of the coupled model 
experiments performed by modeling groups around the world for the IPCC AR4 explored 
the concept of climate change commitment. For instance, if concentrations of greenhouse 
gases were held constant at year 2000 levels (implying a very large reduction in 
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emissions), how much more warming would occur due to the greenhouse gases already in 
the atmosphere? Such committed climate change is due to: (1) the long lifetime of carbon 
dioxide and other greenhouse gases; and (2) the long time it takes for warmth to penetrate 
into the oceans. Under the aforementioned scenario, a further warming trend would occur 
over the next 20 years a rate of about 0.1 °C per decade averaged over the period 2000 to 
2020 would occur, with smaller warming rate continuing after that. The associated sea 
level rise commitment is much longer term, due to the effects of thermal expansion on 
sea level. Water has the physical property of expanding as it heats up; therefore, as the 
warming penetrates deeper into the ocean, an ever increasing volume of water expands 
and contributes to ongoing sea level rise. Since it would take centuries for the entire 
volume of the ocean to warm in response to the effects of the greenhouse gases we have 
already put into the air, we are now committed to further sea level rise that would 
continue for centuries. Further glacial melt is also likely. 

The 16 climate modeling groups (from 11 countries, including the U.S.) contributing 
to the AR4 produced the most extensive internationally coordinated climate change 
experiment ever performed. In total, 23 global coupled climate models were used to 
perform simulations of the 20’*’ Cenmry climate (described under the previous question), 
three scenarios of the 21®* Century (based on low, medium and high emission scenarios), 
and three idealized stabilization experiments. In addition there were idealized carbon 
dioxide increase experiments, and associated stabilization experiments with doubled and 
quadrupled carbon dioxide amounts. These data were then collected, archived and made 
openly available for analysis at the DOE-sponsored Program for Climate Model 
Diagnosis and Intercomparison (PCMDI) at Lawrence Livermore National Lab (LLNL) 
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in Livermore, CA. Almost 1 ,000 scientists have accessed these model data, resulting in 
many papers assessed in the AR4. The outcome of this massive effort is much more 
extensive analysis, increased certainty of the most robust climate responses across 
different models, and much better quantification of best estimates and uncertainty ranges 
of projected warming for different emission scenarios. Moreover, the large model 
ensemble also provides for better quantification of regional climate change, extremes, 
climate change commitment, ocean circulation changes, and both near term and longer 
term climate change in response to future changes in radiative forcing. 

Some of the major results include: 

• Over the next two decades, all models produce similar warming trends in global 
surface temperatures, regardless of the scenario. The rate of the projected warming is 
near 0.2°C per decade, or about twice that of the “commitment” runs. 

• Decadal-average warming over each inhabited continent by 2030 is insensitive to 
the emission scenario; moreover, the temperature change is very likely to exceed the 
model generated natural temperature variability by at least a factor of two. 

• By the middle of the 21** Century the choice of scenario becomes more important 
for the magnitude of surface warming, and by the end of the 21*' Century there are clear 
consequences for which scenario is followed. The best estimate of the global surface 
temperature change fi-om today to the end of the century is +1 .S^C (with a likely range of 
+1.1'’C to +2.9“C) for the low emission scenario (Bl, corresponding to a carbon dioxide 
equivalent concentration of 600 ppm by 2100) and +4.0°C (+2.4°C to +6.4°C) for the 
highest emission scenario (AlFl, corresponding to 1,550 ppm). 
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• Geographical patterns of warming show greatest temperature increases at high 
northern latitudes and over land, with less warming over the southern oceans and North 
Atlantic, as has been observed in recent decades. In spite of a slowdown of the 
meridional overturning circulation and changes in the Gulf Stream in the ocean across 
models, there is still warming over the North Atlantic and Europe due to the 
overwhelming effects of the increased concentrations of greenhouse gases. 

• Snow cover is projected to contract. Widespread increases in thaw depth are 
projected over most permafrost regions. 

• Sea ice coverage is projected to shrink in polar regions. In some projections, 
Arctic late-summer sea disappears almost entirely by the latter part of the 21®‘ Century. 

• It is very likely that hot extremes, heat waves, and heavy precipitation events will 
continue to become more frequent. 

• Projections of sea level rise by the end of the century are similar to previous 
estimates, ranging from 30 to 40 cm, but do not include possible ice sheet collapse. 

• About 60-70% of the projected sea level rise is due to thermal expansion of sea 
water. There is less certainty of the future contributions from other sources. For instance, 
the projections include a contribution due to increased ice flow from Greenland and 
Antarctica at the rates observed over the past decade, but how these flow rates might 
change in the future is not known. 

• Increases in the amount of precipitation are very likely in high-latitudes, while 
decreases are likely in most subtropical land regions, continuing patterns observed in 
recent trends. 
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The climate models assessed in the AR4 have better and more complete 
representations of many physical processes. But as our knowledge of the different 
components of the climate system and their interactions increases, so does the complexity 
of climate models. Historical changes in land use and changes in the distribution of 
continental water due to dams and irrigation, for instance, need to be considered. Future 
projected land cover changes due to human land uses are also likely to significantly affect 
climate, especially locally, and these effects are only just now being included in climate 
models. 

One of the major advances in climate modeling in recent years has been the 
introduction of coupled climate-carbon models. Climate change is expected to influence 
the capacities of the land and oceans to act as repositories for anthropogenic carbon 
dioxide, and hence provide a feedback to climate change. These models now allow us to 
assess the nature of this feedback. Though only relatively few global coupled climate 
models include the complex processes involved with modeling the carbon cycle, this 
feedback is positive (adding to more warming) in all models so far considered. 
Therefore, the addition of carbon cycle feedbacks increases the fraction of anthropogenic 
emissions that remain in the atmosphere, thereby giving higher values on the warm end 
of the uncertainty ranges. 

Conclusions 

The scientific understanding of climate change is now sufficiently clear to show that 
climate change from global wanning is already upon us. Uncertainties remain, especially 
regarding how climate will change at regional and local scales. But the climate is 
changing and the uncertainties make the need for action all the more imperative. 
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Mitigation actions taken now mainly have benefits 50 years and beyond now. This also 
means that we will have to adapt to climate change by planning for it and making better 
predictions of likely outcomes on several time horizons. Action taken now to reduce 
significantly the build-up of greenhouse gases in the atmosphere will lessen the 
magnitude and rate of climate change. While some changes arising from global warming 
are benign or even beneficial, the rate of change as projected exceeds anything seen in 
nature in the past 10,000 years. It is apt to be disruptive in many ways. Hence it is also 
vital to plan to cope with the changes, such as enhanced droughts, heat waves and wild 
fires, and stronger downpours and risk of flooding. Managing water resources will be 
major challenge in the future. 

Again, it is an honor to have the opportunity to address the Subcommittee concerning 
the science of global climate change. 1 look forward to answering any questions. 
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INTRODUCTION 

The Woridng Group I contribution to the IPCC Fourth Assessment Report describes progress in understanding of the 
human and natuml drivers of clin^te changeS observed ciin^te change, climate proc^es and attribution, and 
estimates of proj^ted future climate change. It builds upon past IPCC assessments and incorporates new findings fiom 
the past six years of research. Scientific progress since Ae TAR is based upon large amounts of new and more 
comprehensive data, more sophisticated analyses of data, improvements in understanding of processes and their 
simulation in models, and more extensive exploration of uncertainty ranges. 

Ihe basis for substantive paragraphs in this Summary for Policymakers can be found in the chapter sections specific^ 
in curly brar^ets. 


Human and Natural Drivers of Climate Change 


Clumges in the atmospheric abundance of greenhouse gases and aerosols, in solar r^ation and in land surface 
properties alter the ener^ balance of the climate system. These changes are expressed in terms of radiative fmoing^, 
which is used to compare how a range of human and natural factors drive warming or cooling influences on global 
climate. Since die Third Assessment Report (TAR), new enervations and related modelling of greenhouse ^es, solar 
activiQr, land surf^e properties and some aspects of aeix»ols have led to improvements in the quantitative primates of 
radiative forcing. 


Globa] atmospheric concentrations of carbon dioxide, methane and nitrous oxide have Increased 
markedly as a result of human activities since 1750 and now far exceed pre-industrial values 
determined from ice cores spanning many thousands of yean (see Figure SPM-1). The global increases 
in carbon dioxide concentration are due primarily to fossil fuel use and land-use change, while those of 
methane and nitrous oxide are primarily due to agriculture. {23, 6.4, 73} 

• Carbon dioxide is the most important anthropogenic greenhouse gas (see Figure SPM-2). The global 
atmospheric concentration of carbon dioxide has increased from a pre-industrial value of about 280 ppm to 
379 ppm^ in 2005. The atmospheric concentration of carbon dioxide in 2005 exceeds by far the natural range 
over the last 650,000 years (180 to 300 ppm) as determined from ice cores. The annual carbon dioxide 
concentration growth-rate was larger during the last 10 years (1995- 2005 average: 1 .9 ppm per year), than it 
has been since the beginning of continuous direct atmospheric measurements ( 1 960 - 2005 average; 1 .4 ppm 
per year) although there is year-to-year variability in growth rates. (2.3, 7.3} 

• The primary source of the increased atmospheric concentration of carbon dioxide since the pre-industrial 
period results from fossil fuel use, with land use change providing another si^iheant but smaller 
contribution. Annual fossil carbon dioxide emissions^ increased from an average of 6.4 [6.0 to 6.8} ^GtC 


' Climate change in IPCC usage refers to any change in climate over time, whether due to natuial variability or as a result of human This 

usage differs from that in die Frameworic Convention on Climate Chan^, where climate change refers to a change of climate that is attribi^d 
directly or indirectly to human activi^ that alters the composition of the gkdMl atmosphere and that is in additum to natural climate variability 
observed over comparable time periods. 

’ Radiative forcing is a nreasure of the influence that a factor has in altering the balance of incoming and outgoing energy in the Eardr-atmosphere 
systom and is an index of die importance of the factor as a potential climate change mechanism. Positive forcing tends to warm the surface while 
negative forcing tends to cool it. In this report radiative forcing values are for 2005 relative to pre-industrial conditions defined at 1750 and are 
expressed in wat& per square metre (W m*^). See Glossary and Section 2.2 fw further details. 

’ ppm (parts per million) or pjR) (parte per billion, 1 billion - 1,000 million) is the ratio of the number of greenhouse gas molecuies to the tote! 
numtxrt of molecules of dry air. For example: 300 ppm means 300 molecules of a greenhouse gas per million moleodcte of dry air. 

* Fo^il carbon dioxide emissions include dtose fiom the production, distribution and consumpdon of fossil firels and as a by-prodist from ctmtatt 
pFoduedon. An emission of I GC corresponds to 3.67 GtCOz. 

’ In general, uncertainty ranges for results given in diis Summary for Policymakers are 90% uncertmnty m^vals unless stated otherwise, i.e., 
there U an estimated 5% likelihood that the value couU be above the rai^e given in square brasitets and 5% likelihood diet the value could he 
below foat ran^ Best estimates are given udiae available. Assessed uncertainty intervals are not always ^munetric about the corresponding test 
estimate. Note that a number of uncertainty ranges in the Working Group I TAR correqwnded to 2-sigma (95%), often using expert judgentent. 
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(23.5 [22.0 to 25.0] GtCOj) per year in the 1990s, to 7J: [6.9 to 7.5] GtC (26.4 [25.3 to 27.5] GtCOj) per year 
in 2000-2005 (2004 and 2005 data are interim estimates). Carbon dioxide emissions assrKiated with laM-use 
change are estimated to be 1 .6 [0.5 to 2.7] GtC (5.9 [1.8 to 9.9] GCO 2 ) per year over the 1990s, although 
these estimate have a large uncertainty. {7.3} 


Changes in Greenhouse Gases 
from ice-Core and Modem Data 

TliMOMloraaBiQ 
ItBM 9tm 0 

I « 1 — « n-l 



TIM (Mot Ml) 


FIGURE SPM-1. Atmospheric concentrations of carbon dioxide, methane and nitrous oxide over the last i0,(XK) years 
(large panels) and since 17S0 (inset panels). Measurements are shown horn ice cores (symbols with diiTerent colours for 
differmt studies) and atmospheric samples (red lines). The corresponding radiative forcii^ are shown on the h^t hand 
axes of the large panels. {Figure 6.4} 
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• The global atmospheric concentration of metiiane has increased &om a pre-industrial value of about 7 1 5 ppb 
to 1732 ppb in the early 15^0s, and is 1774 ppb in 2(X)5. The atmospheric concentration of methane in 2005 
exceeds by far the imtural range of the last 650,000 years (320 to 790 ppb) as determined from ice cmes. 
Growth rates have (Alined since the early 1990s, consistent with total emissions (sum of anthropogenic and 
natural sources) being nearly constant during this period. It is very likely^ th^ the observe increase in 
methane concentration is due to anthropogenic activities, predominantly agriculture and fossil fuel u^, but 
relative contributions from different source types are not well determined. {2.3, 7.4} 

• The global atmospheric nitrous oxide concentration increased from a pre-industrial value of about 270 ppb to 
3 19 ppb in 2005. The growth rate has been approximately constant since 1980. More than a third of all nitrous 
oxide emissions are andiropogenic and are primarily due to agriculture. (2.3, 7.4) 


Radiative Forcing Components 



•2 '1 0 1 2 

Radifltivs Forcing (Wnr^ 


FIGURE SPM-2. Global-average radiative forcing (RF) estimates and ranges in 2005 for anthropogenic cvbon dioxide 
(CO;), mediane (CH4), nitrous oxide (NjO) and odier important agents and mechanisms, together with die typical 
gco^phicai extent (spatial scale) of the forcing and the assessed level of scientific understanding (LOSU). The net 
anthropogenic radiative forcing and its range are also shown. These require summing asymmetric uncertain^ estimates 
from the component terms, and caimot be obtained by sinqile addition. Additional forcing factors not included here are 
considered to have a very low LOSU. Volcanic aerosob contribute an additional natural forcing but are not included in 
this figure due to their episodic nature. Range for linear contraib does not include other possible effects of aviation on 
cloudiness. {2.9, Figure 2.20} 


‘ In diis Summary for Policymakers, the following terms have been used to indicate the assess likelihood, using expert judgonemt, of an 
outcome ot a result: Virtually certain > 99% iBobability of occurrence. Extremely likely > 95%, Very likely > 90%, Likely > 66%, kfon likely 
rtan nor > 50%, Unlikely < Very unlikely < \W», Extremely unl^ly<^. (SeeBoxTS.1.1 for more details). 
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The understanding of anthropogenic warming and cooling influences on climate has improved since 
the Third Assessment Report (TAR), leading to very high confidence that the ^obaily averaged net 
effect of human activities since 1750 has been one of wanning, with a radiative forcing of +1.6 [+0.6 to 
+2.4] W m l (see Figure SPM-2). {23. 6.5, 2.9} 


• The combined radiative forcing due to increase in carbon dioxide, methane, and nitroiK oxide is +2.30 
[+2.07 to +2.53] W m'^, and ite rate of increase during the industrial era is very likely to have been 
unprecedented in more than 10,000 years (see Figures SPM-1 and SPM-2). The <»rbon dioxide radiative 
forcing increase by 20% from 1995 to 2005, the largest change for any decade in at least the last 200 years. 

{2.3, 6.4} 

• Anthropogenic contributions to aerosols (primarily sulphate, organic carbon, black carbon, nitrate and dust) 
together produce a cooling effect, with a total direct radiative forcing of -0.5 [-0.9 to -0. 1 ] W m'^ and an 
indirect cloud albedo forcing of -0.7 [-1.8 to -03] W m'^. These forcings are now better undemtood than at the 
time of the TAR due to improved in situ, satellite and ground-based measurements and more comprehensive 
modelling, but remain the dominant uncertainty in radiative forcing. Aerorols also influence cloud lifetime 
and precipitation. {2.4, 2.9, 7.5} 

• Significant anthropogenic contributions to radiative forcing come from several other sources. Tropospheric 
ozone changes due to emissions of ozone-forming chemicals (nitrogen oxides, carbon monoxide, and 
hydrocarbons) contribute +0.35 [+0.25 to +0.65] W m'^. The ^rect radiative forcing due to changes in 
haiocarbons* is +0.34 [+0.31 to +0.37] W m'^. Changes in surface albedo, due to land-cover changes and 
deposition of black carbon aerosols on snow, exert resMctive forcings of -0.2 [-0.4 to 0.0] and +0.1 [0.0 to 
+0.2] W m'^. Additional terms smaller than ±0.1 W m‘^ are shown in Figure SPM-2. {2.3, 2.5, 7.2} 

• Changes in solar iiradiance since 1750 are estimated to cause a radiative forcing of +0. 12 [+0.06 to +0.30] 

W m , which is less than half the estimate given in the TAR. {2.7} 


Direct Observations of Recent Climate Change 


Since the TAR, progress in understanding bow climate is changing in space and in time has been gained through 
improvements and extensions of numerous datasets and data analyses, broader geographical coverage, better 
understanding of uncertainties, and a wider variety of measurements. Increasingly comprehensive observations are 
available for glaciers and snow cover since the 1960s, and for sea level and ice sheets since about the past decade. 
However, data coverage remains limited in some regions. 


Warming of the climate system is unequivocal, as is now evident from observations of increases in 
global average air and ocean temperatures, widespread melting of snow and ice, and rising global 
average sea level (see Figure SPM-3). {3.2, 4.2, 5.5} 

• Eleven of the last twelve years ( 1 995 -2006) rank among the 1 2 wannest years in the instrumental record of 

global surface temperature^ (since 1850). The updated 100-ycar linear trend (1906-2005) of 0.74 [0.56 to 
0.92]®C is therefore larger than the corresponding trend for 1901-2000 given in the TAR of 0.6 [0.4 to 0.8]®C. 
The iine^ wanning trend over the last SO years (0.13 [0.10 to 0.16]*’C per decade) is nearly twice that for the 
last 100 years. The total temperature increase from 1850- 1899 to 2001 -2005 is 0.76 [0.57 to0.95]®C. 
Urban heat island effects are real but local, and have a negligible influence (less than 0.006X per d^^e over 
land and zero over the oceans) on these valu^. {33} 


^ In Summary for Policymaken the following leveia of confidence have been used to express expert jndgmenbi on the conectne^ of the 
underlying science: very confidence at least a 9 out of 10 chance of bring correct; hi^ confidence about an 8 out of 10 chanw of being 
correct. (SeeBoxTS.l.I) 

* Halocarbon radiative forcing has b^ recently assessed in detail in IPCC's Special Report on Safeguarding die Ozone Layer and the Global 
Climate System (2005). 

* Tlw average of near surface air ttmpeiature over hmd, and sea surface temperature. 
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Changes inTem|:^rature,Sea Level and 
Northern Hemisphere Snow Cover 



1850 


1900 1950 

Year 


2000 


FIGURE SPM-3. Observed changes in (a) global average sur^e temperature; (b) global average sea level rise from tide 
gauge (blue) and satellite (red) data and (c) Northern Hemisphere snow cover for Macch-April. All changes are relative to 
corresponding averages for the period 1961-1990. Smoothed curves represent decadal averaged values while circles show 
yearly values. The shaded areas are the uncertainty intervals estimated from a comprehensive analysis of known 
uncerteinties (a and b) and from the time series (c). (FAQ 3.1, Figure 1, Figure 4.2 and Figure 5.13) 


• New analyses of balloon-borne and satellite measurements of lower- and mid-tropospheric temperature show 

warming rates that are similar to those of the surface temperature record and are consistent wit^ their 
respective uncertainties, largely reconciling a discrepancy noted in the TAR. {3.2, 3.4} 
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• The average atmospheric water vapour content has increased since at least the 1980s over land and ocean as 
well as in the upper troposphere. The increase is broadly consistent with the extra water vapour that warmer 
air can hold. {3.4} 

• Observations since 196 1 show that the average temperaUire of the global ocean has increased to depths of at 
least 3000 m and that the ocean has been absorbing more than 80% of the heat added to the climate system. 
Such warming causes seawater to expand, contributing to sea level rise (see Table SPM'l). {S.2, 5.5} 


Table SPM-1. Observed rate of sea level rise and estimated contributions from different sources. {5.5, Table 5.3} 


Rate of aea level rise (mm per year) 

Source of sea level rise 

1961-2003 

1993-2003 

Thermal expansion 

0.42 ±0.12 

1.6 ±0.5 

Glaciers and ice caps 

0.50 ±0.18 

0.77 ±0.22 

Greenland ice sheet 

0.05 ±0.12 

0.21 ±0.07 

Antarotic ice sheet 

0.14 ± 0.41 

0.21 1 0.35 

Sum of individual cnmate 
conbibutions to sea level rise 

1.1 ±0.5 

2.8 ± 0.7 

Observed total sea level rise 

1.8 ±0.5* 

3.1 ±0.7* 

Difference 



(Observed minus sum of estimated climate 
contributions] 

0.7 ±0.7 

0.3 ±1.0 


TaMe note: 

* Data prior to 1 993 are from tide gauges and after 1 993 are from satellite altimetry. 


• Mountain glaciers and snow cover have declined on average in both hemispheres. Widespread decreases in 
glaciers and ice caps have contributed to sea level rise (ice caps do not include contributions from the 
Greenland and Antarctic ice sheets). (See Table SPM-1.) {4.6, 4.7, 4.8, 5.5} 

• New data since the TAR now show that losses from the ice sheets of Greenland and Antarctica have very 
likely contributed to sea level rise over 1993 to 2003 (see Table SPM-1). Flow speed has increased for some 
Greenland and Antarctic outlet glaciers, which drain ice from the interior of the ice sheets. The corresponding 
increased ice sheet mass loss has often followed thinning, reduction or loss of ice shelves or loss of floating 
glacier tongues. Such dynamical ice loss is sufficient to explain most of the Antarctic net mass loss and 
approximately half of the Greenland net mass loss. The remainder of the ice loss from Greenland has occurred 
because losses due to melting have exceeded accumulation due to snowfall. {4.6, 4.8, 5.5} 

• Global average sea level rose at an average rate of 1.8 [1.3 to 2.3] mm per year over 1961 to 2003. The rate 
was faster over 1993 to 2003, about 3.1 [2.4 to 3.8] mm per year. Whether the fester for 1993 to 2003 
reflects decadal variability or an increase in the longer-torm trend is unclear. There is high confidence that the 
rate of observed sea level rise increased from the 19Ui to the 20th century. The total 20th century rise is 
estimated to be 0.17 [0.12 to 0.22] m. {5.5} 

• For 1993-2003, the sum of the climate contributions » consistent within uncertainties widi the total sea level 
rise that is directly obs^ed (see Table SPM-1). These estimates are based on improved satellite and in-situ 
data itow available. For the p^od of 1961 to 2003, the sum of climate contributions is estimated to be smaller 
than the observed sea level rise. The TAR reported a similar discrepancy for 1910 to 1990. {5.5} 
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At continental, regional, and ocean basin scales, numerous long-term changes in climate have been 
observed. These include changes in Arctic temperatures and ice, widespread changes in precipitation 
amounts, ocean salinity, wind patterns and aspects of extreme weather Including droughts, heavy 
precipitation, heat waves and the Intensity of tropical cyclones^^. {3.2, 33 , 3.4, 3.5, 3.6, 5.2} 

• Average Arctic temperatures increased at almost twice the global average rate in the past 1 00 years. Arctic 
temperatures have high decadal variability, and a warm period was also observed &om 1925 to 1945. (3.2) 

• Satellite date since 1978 show that annual average Arctic sea ice extent has shrunk by 2.7 [2.1 to 3.3]% per 
decade, with Uirger d^reases in summer of 7.4 [5.0 to 9.$]% per decade. These values are consistent with 
those reported in the TAR. {4.4} 

• Temperatures at the top of die permafrost layer have generally increased since the 1980s in the Arctic (by up 
to 3®C). The maximum area covered by seasonally frozen ground has decreased by about 7% in the Northern 
Hemisphere since 1900, with a decrease in spring of up to 15%. (4.7) 

• Long-term trends from 1 900 to 2005 have been observed in precipitation amount over many tege regions ’ * . 
Significantly increased precipitation has been deserved in eastern parts of North and South America, northern 
Europe and northern and central Asia. Drying has been observed in the Sahel, the Mediterranean, southern 
Africa and parts of southern Asia. Precipitation is highly variable spatially and temporally, and (kta are 
limited in some regions. Long-term trends have not been observed for the other large regions assessed* 

{3.3, 3.9) 

• Oianges in precipitation and evaporation over the oceans are suggested by freshening of mid and high latitude 
waters together with increased sfdinity in low latitude waters. {5.2} 

• Mid-latitude westerly winds have strengthened in both hemispheres since the 1960s. {3.5} 

• More intense and longer droughte have been observed over wider areas since the 1970s, particularly in the 
tropics and subtropics. Increased drying linked with higher temperatures and decreased precipitation have 
contributed to changes in drought. Changes in sea surfoce temperatures (SST), wind patterns, and decreased 
snowpack and snow cover have also been linked to drou^ts. {3.3} 

• The frequency of heavy precipitation events has increased over most land areas, consistent with warming and 
observed increases of atmospheric water vapour. {3.8, 3.9) 

• Widespread changes in extreme temperatures have been observed over the last 50 years. Cold days, cold 
nights and frost have become less frequent, while hot days, hot nights, and heat waves have become more 
frequent (see Ttfolc SPM-2). {3.8} 

• Tliere is observational evidence for an increase of intense trc^ical cyclone activity in the North Atlantic since 
about 1970, correlated with increases of tropical sea surface temperatures. There are also suggestions of 
increased intense fropical cyclone activity in some other regions where concerns over data quality are greater. 
Multi-decadal variability and the quality of the tropical cyclone records prior to routine satellite observations 
in about 1970 complicate the detection of long-term trends in tropical cyclone activity. There is no clear trend 
in the annual numbers of tropical cyclones. {3.8} 


Titqjica! cyclones include hioricanes and typhoons. 

" The assessed regions are these CGEsidered in die r^onal projectionsChapterof the TAR and in Ouster 11 of this Report. 
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Table SPM-2, Recent tKmds, assessment of human influence on the trend, and projections for extreme weather events for 
which there is an observed late 20th century trend. (Tables 3.7, 3,8, 9.4, Sections 3.8, 5.5, 9.7, 11.2-H.9} 


Phenomenon* and dlnn^tion 
oftrond 

Likeiihood that trend 
occurred in late 20th 
century (typically post 
1960) 

Likelihood of a human 
contribution to obserwul 
trend ^ 

Ukelihood of future 
bonds based on 
projections for 21st 
century using Sf^S 
scenarios 

Warmer and fewer cold days 
and nights over most land 
areas 

Ve/yWee/y® 

Likaly^ 

VirtuaHy certain^ 

Warmer and more frequent 
hot days and nights over 
most land areas 

Very likely* 

Ukely (nights) 

Virtually certain'^ 

Warm spells / heat waves. 
Frequent increases owr 
most land areas 

Ukely 

More likely than not * 

Very likely 

Heavy precipitatiem events. 
Frequency (or proprertion of 
total rainfall from heavy falls) 
Increases ovsr most areas 

Likely 

More likely than not' 

Very Ukely 

Area a^cted by droughts 
increases 

Likely in many regions 
since 1970s 

More likely than not 

Likely 

intense tropical cyclone 
activity increases 

Likely in some regions 
since 1970 

More llkefy than not' 

Ukely 

increased incidence of 
extreme high sea ievel 
(excludes tsunamis) * 

Ukely 

More likely than not'" 

Ukely' 


Table notes: 

‘ See Table 3.7 for further details regardirtg definitions. 

** See Table TS-4. Box TS.3.4 and Table 9.4. 

° Decreased frequency of cold days and nights (coldest 10%). 

Warming of the most extreme days and nights each year. 

* Increased frequency of hot days and nights (hottest 10%). 

^ Magnitude of anthropogenic contributions not assessed. Attribution for these phenomena based on expert judgement rather 
frian form^ attribution studies. 

* Extreme high sea level depends on average sea level and on regional weather systems. It is defined here as the highest 1% 

of hourly values of observed sea level at a station for a ^en reference period. 

" Changes in observed extreme high sea level dosely follow foe changes in average sra level {5.5.2.6}. It is very that 
anthropogenic activity contributed to a rise In average sea level. {9.5.2} 

' in all scenarios, the projected global average sea level at 2100 is higher than in the reference period (10.6). The effect of 
changes in regional weather systems on sea level extremes has not been assessed. 


Some aspects of climate have not been observed to change. {3.2, 3.8, 4.4, 53} 

• A decrease in diurnal temperature range (DTR) was reported in the TAR, but the data available then extended 
only from 1950 to 1993. Updated observations reveal that DTR has not changed from 1979 to 2004 as both 
day- and night-time temperature have risen at about the same rate. The trends are highly variable from one 
region to another. {3.2} 

• Antarctic sea ice extent continues to show inter-annual variability and localized changes but no statistically 
significant average trends, consistent with the lack of wanning reflected in atmospheric tempendures 
averaged across the region. {3.2, 4.4} 
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• There is insufficient evidence to determine whether trends exist in the meridional overtiuning circulation of 
the global ocean or in small scale phenomena such as tornadoes, hail, lightning and dust-storms. (3.8, 5.3} 


A Paleoclimatic Perspective 


Paleoclimatic studies use changes in climatically sensitive indicators to in^ past changes in global climate on time 
scales ranging 0x}m decades to millions of yearn. Such proxy data (e.g., tree ring width) may be influenced by both 
local temperature and other ^tors simh as precipitation, and are often repre^rentative of particular seasons rather than 
full years. Studies since the TAR dmw inercased confidence additional data showing cdiercnt behaviour across 
multiple Indicators in different parts of the world. However, unc^tainties genesrally increase with time into the past due 
to incrmingly limited spatial coverage. 


Paieoclimate informatton supports the interpretation that the warmth of the last half century is 
unusual in at least the previous 1300 years. The last time the polar regions were significantly warmer 
than pre^nt for an extended period (about 125,000 years ago), reductions in polar ice volume led to 4 
to 6 metres of sea level rise. {6.4, 6.6} 

• Average Northern Hemisphere temperatures during the second half of the 20th century were very likely higher 
than during any other SO-year period in the last 500 years and likely the hipest in at least the past 1300 years. 
Some recent studies indicate greater variability in Northern Hemisphere temperaturcs than suggested in the 
TAR, particularly finding that cooler periods existed in the 12 to 14th, 17to, and I9th centuries. Warmer 
periods prior to toe 20* century are within the uncertainty range given in the TAR. {6.6} 

• Global average sea level in toe last interglacial period (about 1 25,000 years ago) was likely 4 to 6 m higher 
than during toe 20to century, mainly due to the retreat of polar ice. Ice core data indicate that average polar 
temperatures at that time were 3 to 5®C higher than present, because of differences in the Earth’s orbit. The 
Greenland ice sheet and other Arctic ice fields likely contributed no more than 4 m of toe observed sea level 
rise. There may also have been a contribution from Antarctica. {6.4} 

Understanding and attributing CXimate Change 


This Assessment considers longer and improved records, an expanded range of observations, and inq>rovement8 in toe 
simulation of many aspects of climate and its variability based on studies since the TAR. It also considers the results of 
new attribution studies that have evaluated whether observed changes are quantitatively consistent with the expected 
response to external forcings and inconsistent with alternative physically plausible explanations. 


Most of the observed increase In globally averaged temperatures since the mid*20tb century is very 
likely due to the observed increase in anthropogenic greenhouse gas concentrations^^. This is an 
advance since the TAR’s conclusion that ^most of the observed warming over the last 50 years is likefy 
to have been due to the increase in greenhouse gas concentrations’’. Discernible human influences now 
extend to other aspects of climate, including ocean warming, continental-average temperatures, 
temperature extremes and wind patterns (see Figure SPM-4 and Table SPM-2). {M, 9.5} 

• It is likely that increases in greenhouse gas concentrations alone would have caused more wanning than 
ctoserved because volcanic and anthropogenic aerosols have offiet some warming that would otherwise have 
taken place. {2.9, 7.5, 9.4} 

• The observed widespread warming of the atmo^here and ocean, together with ice mass loss, support the 
conclusion that it is extremely unlikely that global climate change of the past fifty yem can be explained 
without external forcing, and very likely that it is not due to known natuikl causes alone. {4.8, 5.2, 9.4, 9.5, 
9.7} 


Coasi(^tton of remainisg imeertainty is bai^ on cunvot metho(iologies. 
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• Warming of the climate system has been detected in changes of surface and atmospheric temperatures, 
temperatures in the upper several hundred metres of the ocean and in contributions to sea level rise. 
Attribution studies luive established anthropogenic contributions to all of these changes. The observed pattern 
of tropospheric wanning and stratospheric cooling is very likely due to the combined influences of greenhouse 
gas increases and stratospheric ozone depletion. {3.2» 3.4, 9.4, 9.5} 

• It is likely that diere has been significant anthropogenic warming over the past 50 years averaged over each 
continent except Antarctica (see Figure SPM'4). The observed patterns of wanning, including greater 
warming over land than over the ocean, mid their changes over time, are only simulated by models that 
include anthropogenic forcing. The ability of coupled climate models to simulate the observed temperature 
evolution on each of six continents provides stronger evidence of human influence on climate than was 
available in the TAR. {3.2, 9.4} 



FIGUR£ SPM*4. Connparison of observed continental* and global-scale changes in surface temperature vrith results 
simulated by climate models using natural and anthropogenic forcings. Decadal averages of observations are shown for 
die period 1906^2005 (black line) plotted against the centre of the decade and relative to the con^onding average for 
1901-1950. Lines are dashed where spatial coverage is less than 50%. Blue shaded bands show the 5-95% range for 19 
simul^ons from 5 climate models using only the natural fcncii^s due to solar activity and volctmoes. Red shaded bands 
show the S-9S% range for S8 simulations from 14 climate models using both natural and anthropogenic forcing. {FAQ 
9.2, Figure 1} 
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• Difficulties remain in reliably simulating and attributing observed temperaftire changes at smaller scales. On 

these scales, natural climate variability is relative larger making it Imrder to distin^sh changes expected 
due to external forcings. Uncertainties in local forcings and feedb^l(s also make it difficult to estimate the 
contribution of greenhouse increases to observed small-scale temperahire chmsges. {8.3, 9.4) 

• Anthropogenic forcing is likely to have contributed to changes in wind patterns*^, affecting extra-tropical 
storm tracks and temperature patterns in both hemispheres. However, the observed changes in the Northern 
Hemisphere circulation are larger than simulated in response to 20th cenUny forcing change. (3.S, 3.6, 9.S, 
10.3} 

• Temperatures of foe most extreme hot nights, cold nights and cold days are UMy to have increased due to 
anthropogenic forcing. It is more likely than not that anthropogenic forcing has increased the risk of heat 
waves (see Table SPM-2). {9.4} 

Anaiysis of climate models together with constraints from observations enables an assessed Ukefy range 
to be given for climate sensitivity for the first time and provides increased confidence in the 
undentanding of the climate system response to radiative forcing. {6.6, 8.6, 9.6, Box 10.2} 

• The equilibrium climate sensitivity is a measure of the climate system response to sustained radiative forcing. 
It is not a projection but is defined as foe global av^ge surface warming following a doubling of carbon 
dioxide concentrations. It is likely to be in the range 2 to 4.5'^C with a best estimate of about 3®C, and is very 
unlikely to be less than 1.5®C. Values substantially higher than 4.5®C cannot be excluded, but agreement of 
models with observations is not as good for those values. Water vapour changes represent foe largest feedback 
affecting climate sensitivity and are now better understood than in foe TAR. Cloud feedbacks remain foe 
l^est source of imcertainty. (8.6, 9.6, Box 10.2} 

• It is veo' unlUxly that climate changes of at least the seven centuries prior to 1950 were due to variability 
generated within the climate system alone. A significant fraction of foe reconstructed Northern Hemisphere 
interdecadal temperature variability over those cenUiries is very likely attributable to volcanic eruptions and 
changes in solar irradiance, and it is likely that anthrc^genic forcing contributed to foe early 20fo century 
warming evident in these records. {2.7, 2.8, 6.6, 9.3} 

Projections of Future Changes in Climate 


A major advance of this assessment of climate change projecti<ms compared with foe TAR is foe large number of 
simulations available from a broader range of models. Taken together with additional infonnation from observatioi^, 
these provide a quantitative basis for estimating likelihoods for many aspects of future climate change. Model 
simulatioiu cover a range of possible futures including idealised emission or concentration assun^tioos. These include 
SRES’^ illustrative marker scenarios for foe 2000-2100 period and model experiments with greenhouse ^ses and 
aerosol concentrations held constant after year 2000 or 2100. 


For the next two decades a warming of about 0.2^C per decade is projected for a range of SRES 
emission scenarios. Even if the concentrations of aU greenhouse gases and aerosols had been kept 
constant at year 2000 levels, a further warming of about O.l^C per decade would be expected. {10.3, 
10.7} 


” Ib particular, the Southern and Northern Annular Modes and related changes in dte North Atlantic Oscill^on. (3.6, 9.5, Box TS.3. 1 } 

^ SRES lefera to the IPCC Special Rqwrt on Emission Scenarios (2000). The SRES scenario hunilin and illustrative cases, which did not 
include additional climate initiatives, are susunarized in a box at the end of this Summary for Policymakers. Approximate COj equh^ent 
concoitrations correqx»uUng to the computed radiative forcing due to anthrc^genic gretmhouse gases and aerosols in 2100 (see p. 823 of the 
TAR) for the SRES Bl, AIT, B2, AIB, A2 and A1FI illustrative marker scenarios ere about 600, 700, 800, 850, 1250 and 1550 ppm 
respectively. Scoiarios BI, AIB, and A2 have been die focus of model inter-coiiq>arison studies and many of diose results are assessed in this 
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• Since IPCC’s first report in 1990, assessed projections have suggested global averaged temperature increases 
between about 0.15 and 0.3®C per decade for 1990 to 2005. This can now be compared with observed values 
of about 0.2®C per decade, strengthening confidence in near-term projections. {1.2, 3.2} 

• Model experiments show that even if all radiative forcing agents are held constant at year 2000 levels, a 
further warming trend would occur in the next two decades at a rate of about 0.1®C iwr decade, due mainly to 
the slow response of the oceans. About twice as much warming (0.2®C per decade) would be expected if 
emissions arc witihin the range of die SR£S scenarios. Best-estimate projections fiom models indicate that 
decadal-average warming over each inhabited continent by 2030 is insrasitive to die choice among SRES 
scenarios and is very likely to be at least twice as large as the corresponding model-estimated natural 
variability during die 20th century. {9.4, 1 0.3, 10.5, 1 1 .2—1 1 .7, Figure TS-29} 

Continued greenhouse gas emissions at or above current rates would cause further warming and 
induce many changes in the global climate system daring the 21st century that would very Ukefy be 
larger than those observed daring the 20th century. {103} 

• Advances in climate change modelling now enable best estimates and likely assessed uncerminty mnges to be 
given for projected wanning for different emission scoiarios. Results for difiTerent emission scenarios are 
provided explicitly in this report to avoid loss of this policy-relevant information. Projected globidly-aver^ed 
surf^ warmings for the end of the 21st century (205^2099) relative to 1980-1999 are shown in Table 
SPM'3. These illustrate the differences between lower to higher SRES emission scenarios and the projected 
warming uncertainty associated with these scenarios. {10.5} 

• Best estimates and likely ranges for globally average surface air wanning for six SRES emissions marker 
scenarios are given in this assessment and are shown in Table SPM-3. For example, the best estinmte for the 
low scenario (Bl) is 1.8®C {likely range is 1.1®C to 2.9®C), and the best estimate for die high scenario (AIFI) 
is 4.0®C {likely range is 2.4®C to 6.4®C). Although these projections are broadly consistent with the span 
quoted in the TAR (1 .4 to 5.8®C), they are not directly comparable (see Figure SPM-5). The AR4 is more 
advanced as it provides best estimates and an assessed likelihood range for each of the marker scenarios. The 
new assessment of the likely ranges now relies on a la^er number of climate models of increasing complexity 
and realism, as well as new information regarding die nature of feedbacks from the carbon cycle and 
constraints on climate response from observations. {10.5} 


Table $PM-3. Projected globally averaged surface wanning and sea level rise at the end of the 21st century. {10.S, 10.6, 
Table 10.7} 



Temperature Oiange 
(«C at 2090-2099 relative to 1980-1999)* 

Sea Lev^ Rise 

(m at 2090-2099 relative to 1980-1999) 

Case 

Best 

estimate 

range 

Model-based range 
excluding future rapid dynarracal 
changes in ice flow 

Constant Year 2000 
concennations ^ 

0.6 

0.3 -0.9 

NA 

Bl scenario 

1.8 

1.1 -2.9 

0.18-0.38 

AITscen^ 

2.4 

1.4 -3.8 

0.20 - 0.45 

B2 scenario 

2.4 

1.4 -3.8 

0.20-0.43 

A16 scenario 

2.6 

1.7 -4.4 

0.21 - 0.48 

A2 scenario 

3.4 

2.0 -5.4 

0.23-0.51 

AIFI scenario 

4.0 

2.4 -6.4 

0.26-0.59 


Table note: 

* These estimates «e assessed from a Nerarchy of models that encompass a sin^ climate model, several Eartti Models of 
intermediate Compieidty (EMICs), and a la^e number of Atmo^ere-Ocean Global Circutaion Models (AOGCMs). 

^ Year 2000 constant compositiem Is derived frixTi AOGCMs only. 
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Multi-model Averages and Assessed Ranges for Surface Warming 



1900 2000 2100 

Year 


FIGURE SPM-S. Solid lines are muIti*model global av^ges of surface wanning (relative to 1980'99) for the scenarios 
A2, A1B and Bl, shown as continuations of the 20'^ c^tuiy simulations. Shading denotes the plus/teinus one standard 
deviation range of individual model annual averages. The orange line is for the experiment where concentrations were 
held constant at year 2000 values. The gray bars at right indicate the best estimate (solid line within each bar) and the 
likely range assessed for the six SRES maricer scenarios. The assessment of the best estimate and likely ranges in the gray 
bars includes the AOGCMs in the left part of the figure, as well as results from a hierarchy of indq>endent models and 
observational constraints. (Figures 10.4 and 10.29} 


• Wanning tends to miuce land and ocean uptake of atmospheric carbon dioxide, increasing the fraction of 
anthropogenic emissions that remains in the atmosphere. For the A2 scenario, for example, the climate-carbon 
cycle feedback increases the corresponding global average warming at 2100 by more than PC. Assessed 
upper ranges for teir^raturc projections are larger than in the TAR (see Table SPM-3) mainly because Ae 
l^oader range of models now available suggests stronger climate-carbon cycle feedbacks. {7.3, 10.5} 

• Model-based fHojections of global average sea level rise at the end of the 21“ centiny (2090-20^) are shown 
in Table SPM-3. For each scenario, the midpoint of the range in Table SPM-3 is within 10% of the TAR 
model average for 2090-2099. The ranges narrower than in the TAR mainly because of improved 
infcnmation about some uncertainties in the projected contributions’^. {10.6} 

• Models used to date do not include uncertainties in climate-carbon cycle feedback nor do they include die full 
effects of changes in ice sheet flow, because a basis in published literature is lacking. The projections include 
a contribution due to increased ice flow from Greenland and Antarctica at the rates observed for 1993-2003, 
but these flow rates could increi^ or decre^e in the future. For example, if this contribution were to grow 

’’ TAR projections were made for 2100, whereas projections in diis Rqioit are for 2090-2099. The TAR would have had similar ranges to those 
in Table SPM-2 if it had treated the uncertainties in the same way. 
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linearly with global average temperature change, the upper ranges of sea level rise for SRES scraiarios shown 
in T^le SPM-3 would increase by O.l m to 0.2 m. Larger values cannot be excluded, but understanding of 
these effects is too limited to assess their likelihood or provide a best estimate or an upper bound for sea level 
rise. {10.6} 

• Increasing atmospheric carbon dioxide concentrations leads to increasing acidificatitm of the ocean. 

Projections based on SRES scenarios give reductions in average global surface ocean pH^^ of between 0.14 
and 0.35 units over the 2 1 st century, adding to the presein decrease of 0. 1 units since pre-industrial times. 
(5.4, Box 7.3, 10.4} 

There is now higher confidence in projected patterns of warming and other regional-scale features, 
including changes in wind patterns, precipitation, and some aspects of extremes and of ice. {8.2, 8.3, 
8.4, 8.5, 9.4, 9.5, lOJ, 11.1} 


• Projected warming in the 21st century shows scenario-independent geographical patterns similar to those 
observed over the past several decades. Wanning is expected to be greatest over land and at most high 
northern latitudes, and least over the Southern Ocean and parts of the Nordi Atlantic ocean (see Figure SPM- 
6). {10.3} 



FIGURE SPM-6. Projected surface temperature changes for the early and late 21st century relative to the period 1980- 
1999. The centra and right panels show the Atmosphere-Ocean General Circulation multi-Model average projections for 
the B1 AIB (middle) arul A2 (bottom) SRES scenarios averaged over decades 2020-2029 (center) and 2090-2099 
(right). The left panel shows corresponding uncertainties as the relative probabilities of estimated glol»l avnage wanning 
from severd different AOGCM and EMfCs studies for the same periods. Some studies present results only for a subset of 
the SR^ scenarios, or for various model versions. Therefore the difference in the number of curves, shown in Uie left- 
hand panels, is due only to difft^nces in the availability of results. {Figures 10.8 and 10.28} 


“ Decreases in pH corr<^pond to iiKreases in acidity of a solution. See Glc^sary for further details. 
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• Snow cover is projected to contract. Widespread increases in thaw depth are proj^Jted over most permafrost 
regions. {10.3, 10.6} 

• Sea ice is projected to shrink in both the Arctic and Antarctic under all SRES scenarios. In some projections, 
Arctic late-summer sea ice disappears almost entirely by the latter pan of the 21st century, {10.3} 

• It is very likely that hot extremes, heat waves, and heavy precipitation events will continue to become more 
frequent. {10.3} 

• Based on a range of models, it is likely that future tropical cyclmi^ (typhoons and hurricanes) will become 
more intense, with larg^ peak wind speeds and more heavy precipitation associated with ongoing increases of 
tropical SSTs. There is l^s confidence in projections of a global decrease in numbers of tropical cyclones. 

The appai^t increase in the pre^rtion of very intense storms since 1970 in some regions is much larger than 
simulated by current models for that period. {9.5, 10.3, 3.8} 

• Extra-tropical stonn tracks are projected to move poleward, with consequent changes in wind, precipitation, 
and temperature patterns, continuing die broad pattern of observed trends over the last half-century. {3.6, 
10.3} 

• Since the TAR there is an unproving understanding of projected patterns of precipitation. Increases in the 
amount of precipitation are very likely in high-latitudes, while decreases are likely in most subtropical land 
regions (by as much as about 20% in the AIB scenario in 2100, see Figure SPM-7), continuing observed 
patterns in recent trends. {3.3, 8.3, 9.5, 10.3, 1 1 .2 to H .9} 

• Based on current model simuladons, it is very likely that the meridional overturning circulation (MOC) of the 
Atlantic Ocean will slow down during the 21st century. The multi-model average reduction by 2100 is 25% 
(range from zero to about 50%) for SRES emission scenario AIB. Temperatures in the Atlantic region are 
projected to increase despite such changes due to the much larger wanning associated with projected 
increases of greenhouse gases. It is very unlikely that the MOC will undergo a large abrupt transition during 
the 21st century. Longer-term changes in the MOC cannot be assessed with confidence. {10.3, 10.7} 


Projected Patterns of Precipitation Changes 


muiti>model A1B DJF multi-model A1B JJA 



.20 .10 -S $ ie 20 


FIGURE SPM-7. Relative changes in precipitation (m percent) for the period 2090-2099, relative to 1980-1999. ValuM 
are multi-model avmg^ based on the SRES AIB scenario fm: December to February (left) and June to August (right). 
White areas are where less than 66% of the models agree in sign of die change and stippled are^ are where more thm 
90% of the models ^ree in the sign of the change. {Figure 10.9} 
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Anthropogenic warming and sea level rise would continue for centuries due to the timescales 
associated with climate processes and feedbacks, even if greenhouse gas concentrations were to be 
stabilized. {10.4, 10.5, 10.7} 

• Climate carbon cycle coupling is expected to add carbon dioxide to the atmosphere as the clin^te system 
wanns, but die ma^itude of this feedback is uncertain. This increases the unc^tainty in the trajectory of 
carbon dioxide emissions required to achieve a particular stabilisation level of atmospheric carbon dioxide 
concentration. Based on ciurent understanding of climate carbon cycle feedback, model studies suggest that to 
stabilise at 450 ppm carbon dioxide, could require that cumulative emissions over the 21st century be reduced 
from an average of approximately 670 [630 to 710] GC (2460 [2310 to 2600] GtC02) to approximately 490 
[375 to 600] GtC (1800 [1370 to 2200] GtCOi). Similarly, to stabilise at 1000 ppm this feedback could 
r^uire that cumulative emissions be reduced a model average of approximately 1415 [1340 to 1490] 
GtC (5190 [4910 to 5460] GtCOj) to approximately 1 100 [980 to 1250] GtC (4030 [3590 to 4580] GtCOa). 
{7.3, 10.4} 

• If radiative forcing were to be stabilized in 2100 at B1 or AIB levels" a further incre^e in global average 
temperature of about 0.5®C would still be expected, mostly by 2200. {10.7} 

• If radiative forcing were to be stabilized in 2100 at AIB levels", thermal expansion alone would lead to 0.3 to 
0.8 m of sea level rise by 2300 (relative to 1980-1999). Thermal expansion would continue for many 
centuries, due to the time required to transport heat into the deep ocean. {10.7} 

• Contraction of the Greenland ice sheet is projected to continue to contribute to sea level rise after 2100. 
Current models suggest ice mass losses increase widi temperature more rapidly than gains due to precipitation 
and that the surface mass balance becomes negative at a global average wanning (relative to pre-industrial 
values) in excess of 1.9 to 4.6®C. If a negative surface mass balance were sustained for millennia, that would 
lead to virtually complete elimination of the Greenland ice sheet and a resulting contribution to sea level rise 
of about 7 m. The corresponding future temperatures in Greenland are comparable to those inferred for the 
last interglacial period 125,000 years ago, when paleoclimatic information suggests reductions of polar land 
ice extent and 4 to 6 m of sea level rise. {6.4, 10.7) 

• Dynamical processes related to ice flow not included in current models but suggested by recent observadcms 
could increase the vulnerability of the ice sheets to warming, increasing future sea level rise. Understanding 
ofthese processes is limited and there is no consensus on their magnitude. {4.6, 10.7} 

• Current global model studies project that the Antarctic ice sheet will remain too cold for widespread surface 
melting and is expected to gain in mass due to increased snowfall. However, net loss of ice mass could occur 
if dynamical ice discharge dominates the ice sheet mass balance. {10.7} 

• Both past and future anthropogenic carbon dioxide emissions will continue to contribute to warming and sea 
level rise for more than a millennium, due to the tintescales required for removal of this gas from the 
atmosphere. {7.3, 10.3) 
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